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PEEFACE. 



When I commenced this short treatise I intended 
to give a series of electrical experiments, part old, 
part new, calculated only to amuse. I intended to 
simplify the construction of the standard experiments 
so that they should cost pence and shillings, instead of 
pounds, and this would be all ; but when I came to note 
the experiments down, I found that they would, if 
arranged, exemplify much of the known theory of 
electricity as a scientific investigation. 

Eecalling my school teaching of geography, that I 
learnt by heart, sentence by sentence from Goldsmith, 
with much mental labour, and which I forgot when I 
left school — ^to look around and discover that others 
better taught had gained more practical knowledge 
by the amusement of drawing maps and pointing out 
positions on the globe — So upon the practical principle^ 
I have tried to make this a kind of map of electricity, 
whereby its wonderful properties and laws may be seen 
and remembered ; by constructing or performing simply 
arranged experiments, which require little mental efibrt, 
reading, or study, and yet contain many solid facts and 
principles. 
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THE ELECTRIC DISC, 

AND 

EXPERIMENTS. 



Our purpose is to describe the Patent Electric Disc 
and the experiments it will perform ; but as this Electric 
DisC; although its small cost may bring it within the 
category of scientific toys, is really a powerful electrical 
machine, capable of performing nearly all the experi- 
ments of the most costly apparatus, we will endeavour 
to give so much of the theory and practice of electricity 
as may render our experiments instructive as well as 
amusing. The subject is so large that we dare not 
venture on much of the scientific ground ; and surveying 
it, as it were, from a distance, with amusement as our 
particular aim, perhaps the least dry part of the sub- 
ject by which we may introduce it, may be the his- 
torical — of this we can give only a light outline sketch ; 
we shall thereby get a few causes and efiects which will 
help us to make the matter of the experiments more 
comprehensible. 

The old Arabian word Karabe — amber , signifies the 
power of attracting straws; so that we presume the 
first observation of electricity was made in a very early 
age. Our word electricity is taken from the Greek 
word electron — amber, because Theophrastus, b.c. 321, 
mentions the power of amber to attract straws and dry 
leaves, after it has been rubbed for some time on woollen 
cloth. This observation is the first recorded electrical 
experiment. It wiU be found amusing to repeat it; 
ye cannot generally get amber, but a flat stick of 
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2 THE ELECTSIC DISC^ 

sealing wax will ajiswer, and the coat sleeve drawn 
smooth to the hand is a capital rubber. The sealing 
wax so excited will attract pieces of very dry paper or 
light feather from a surprising distance. 

Our countryman Dr. Gilbert, physician to Queen 
Elizabeth, repeating this experiment in 1600, discovered 
that this attraction could be excited in many substances 
besides amber. He measured the power of attraction 
by a needle balanced in the centre, an instrument now 
in use for scientific electrical investigation. From these 
and many connected observations. Dr. Gilbert is con- 
sidered as the founder of the science of electricity. He 
also made an observation on electricity which should 
be remembered in all our experiments : — '' That when 
the wind blew from the north and east, and when the 
air was dry, that attraction was excited in a few minutes 
from the time that friction commenced ; but that if the 
wind was. south and the air moist, the attractive power 
of a body was greatly diminished, and in some cases it 
could not be excited at all.'' In modern practice we 
keep every portion of the apparatus dry and suflEiciently 
warm that no moisture should settle upon it. 

The first electrical machine, or that worthy of the 
name, was invented by Otto Guericke, about 1674 ; it 
consisted of a ball of sulphur fixed on a spindle to turn 
with a handle, the hand being pressed on the ball to 
produce the friction necessary to excite electricity. 
This machine first produced the electric sparTcy which 
was accompanied with sound; this made a startling 
advance in the wonders of the new science. Otto 
Guericke also discovered that a body attracted by 
electricity, would, after it had touched for a short time 
to become charged, be repelled by the same excited 
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object that had at first attracted it. This we shall 
see is the electrical law that governs many of our ex- 
periments. 

Sir Isaac Newton^ about 1675^ constructed a machine 
like Otto Guericke's^ but with a glass globe in place of a 
sulphur one ; this produced sparks a quarter of an inch 
long, which sparks would fly ofiF the globe if any 
one applied his finger, and could not only be seen but 
felt. 

Mr. Stephen Grey, about 1720, discovered that the 
electricity could be conveyed by a wire or wet thread 
from the machine to a body at a considerable distance ; 
he also discovered that it was the surface of bodies 
only that were excited by electricity, and that the 
amount of developed electricity would be the same 
whether the body were solid or hollow. 

M. Dufay, 1733, found that all bodies could be 
electrified from the machine by setting them on a stand 
supported by glass rods, if the glass rods were kept 
dry. If a person stood on the stand and was electrified, 
that sparks would issue with a snapping noise from any 
part of his body, nearly touched by the finger of 
another person. His most important discovery was 
that there were two kinds of electricity, one kind 
excited upon glass and other vitreous substances, which 
he called vitreotis ; and the other excited upon resin and 
other kindred substances, which he called resinous ; — 
thus in experiment if we hang a small pith ball by a 
fine silk thread, and we now rub a rod of glass upon 
a piece of silk and bring it near the ball, it will be 
attracted by the glass until it touches, after which it 
will be repelled from the same glass ; but if we now 
bring a stick of resin (sealing wax) similarly rubbed, 
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4 THE ICLECTBIC DISC^ 

the ball that was repelled by the glass rod* will be 
attracted by the sealing wax one until it touches^ and 
then be repelled again — after which the glass rod will 
again act as at firsts and so on alternately. This is 
by itself a rather pretty experiment, and shows a theory 
the equivalent of which pervades all other electrical 
experiments. 

Up to about 1736, Newton's machine was still used, 
the pressure of the hand being applied to excite the 
machine. At about this date. Professor Winckler of 
Leipsic discovered that a pad of horsehair covered with 
silk or leather answered better than the hand. This 
discovery enabled machines to be made of much higher 
power. There was still a great diflSculty, electricity 
could be produced, but it could not be kept jfrom flying 
off the machine, until Professor Boze of Wittemberg, 
about 1738, discovered that a tube of metal held near 
the machine would collect a considerable amount. 
This invention was the prime conductor which is 
appUed to aU machines. It is very amusing how the 
experiment was first managed. The professor had a 
cask of resin placed near his machine, and a man stand- 
ing on the cask held the tube in his hand against the 
machine, and thus collected the electricity ; it would 
perhaps now be difficult to get a man to stand as a 
part of the prime conductor, as the sensation long con- 
tinued, would not be very pleasant. However, it is 
not necessary, as the professor afterwards found that 
a piece of glass rod answered much better for a support. 
It was soon discovered that this tubular prime con- 
ductor required rounded ends, as electricity soon dis- 
appeared if there were any sharp edges or points in 
connection with the conductor. 
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The machine had now assumed its present form^ and 
wonders were performed with it. Spirits of wine were 
ignited by a spark proceeding from the point of the 
finger; gunpowder was exploded by a spark from a 
pointed piece of ice. Abbe NoUet gave an electric 
charge through an entire regiment of 1500 men^ who 
all received a violent shock through the arms and 
shoulders. 

Having the electrical machine now of a construction 
which^ with the combined improvements and inventions 
enumerated^ and some others of minor detail^ would 
produce quantities of electricity only limited by the 
size of the machine and the power to work it^ the 
next great object was to find some means of storing it 
up and concentrating it ; this was eventually done by 
the Ley den jar, which appears to have been the inven- 
tion of several scientific investigators. It passed through 
many changes and improvements before it reached its 
present form; commencing a simple bottle of electrified 
water, and finishing as a powerful battery, which we 
shall have to describe, capable of producing sparks 
twelve to twenty inches long. 

By relating the above separate discoveries in electri- 
city, we feel sure the theory of many of our experiments 
which follow will be in some way explained, because 
each separate discovery points out some property pecu- 
liar to electricity ; and it so happens that we know 
nothing of electricity except its peculiar properties. 
It was thought at one time, amongst other theories, 
that it was a peculiar fluid, and that when we saw the 
spark we really saw the electricity ; we now know that 
we only see the heating effect of electricity, and that 
the spark is simply particles of the conductor, whatever 
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it may be^ rendered incandescent. In some instances 
the particles are ignited^ in other instances only the 
exterior portions of the particles are ignited, the interior 
being simply fused; thus the spark from a gold con- 
ductor will by a certain arrangement leave a portion of 
the fused gold on the surface of a silver conductor to 
which the electricity passes. This property of ignition 
of particles of the conductor is made the source of 
beautiful experiments in glass tubes containiag a very 
small quantity of air or other gases in a large space, 
the particles of gas being made the conductor, and 
being extremely minute they become highly incandes- 
cent, and exhibit beautiful colours according to the 
nature of the incandescent gas, as some of the experi- 
ments to follow will show. 

It was mentioned that Grey discovered the power 
of certain bodies to conduct electricity. It will be 
necessary to define this part of our subject distinctly, 
as we shall often refer to it. 

Conductors and Non-conductors. — Every known 
substance conducts electricity in a relatively assignable 
degree; but this power varies extremely; thus, electricity 
will pass over metal many thousand miles in a second 
of time, whereas it is supposed scarcely to enter the 
surface of glass the fiftieth part of an inch, or in dry 
air spread an inch over its surface. For this reason 
non-conducting substances are also called insulate 
ing substances, as the conducting power of a body 
may be surrounded by a non-conducting body, and 
insulated in such manner that the electricity will 
scarcely pass. We will give a list of a few substances 
useful for experiments, which we will divide into three 
classes. 
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CONDrCTOBS. 


Bad Conductors. 


Insulatobb. 


Metals 


Alcohol and ether 


Shellac 


Charcoal 


Dry wood 


Sulphur 


Black Lead 


Paper 


Resin and Wax 


Acids 


Ice at 32° 


Glass 


Water 


Dry cotton or linen 


Caoutchouc 



Induction. — ^This is a peculiar properiy of electricity 
acting upon conductors whicli are insulated from the 
earth ; by which an insulated conducting body, placed 
at a distance too great to have electricity conducted to 
it from another body charged Mdth electricity, yet will 
have influence to manifest electricity in it, in such a 
manner that the part of the insulated conductor farthest 
from the charged body will exhibit the same kind of 
electricity as the charged body, but in less degree; 
whereas the part of the insulated conductor nearest the 
charged body which influences it will be of the oppo- 
site kind of electricity. We wiU recur to this technical 
subject after some connecting eflects have been prac- 
tically shown. 

Thus far we have only travelled a short distance in 
electricity, and of electricity in one branch only, that 
excited by friction : there are other divisions of the 
subject in which the electricity is excited by chemi- 
cat action, by magnetism, and by fieat ; these will be 
left entirely alone, and are only mentioned to show 
the restricted division of experiment which we under- 
take. 

For the certain success of our experiments we must 
call again to mind Dr. Gilbert^s remarks, — " When the 
wind blew from the north and east,'' etc., and par- 
ticularly remember to have our apparatus dry when 
we are about to use it : it will be found a capital plan 
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to lay the whole of it on a rug in front of the fire for 
an hour before Gommencing our performaDces. 




The machine which is illuBtrated above consiata of 
an arraagement of the separate parte of which we have 
given some particulars of the invention. A disc of 
glass revolves by a handle ; ag^nst the surfeces are two 
rubbers of horsehair covered with leather ; it has been 
found that these rubbers will excite electricity more 
quickly if spread with an amalgam of mercury and tin 
mixed with tallov, which is done in this machine, so 
that it will last without renewal for some time. The 
electricity, as it is developed on the glass by the friction 
of the rubbers, is carried over by a kind of sheath 
technically called the apron to a series of collecting 
points which communicate with the prime conductor, 
which in this machine is reduced to a small ball, but 
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in other electrical machines is a large tubular affair ; 
the prime conductor is insulated from the machine by 
a rod of glass. It is to the hole in the prime conductor 
that we connect all our experiments. 

To produce electrical currents with the machine, — 
The machine should be examined to see that the glass 
rod of the prime conductor is clean and dry^ and stands 
firm in its hole ; that the collecting points stand square 
to the machine^ and are set so that they are at about 
equal distance from each side of the glass. The fixed 
handle of the machine shoxdd now be taken in the left 
hand^ and the forked end of the machine pressed 
against the extreme edge of the table j it is best to place 
the hand firmly against the body. If the handle of the 
disc be now turned steadily and firmly with the right 
hand^ the electricity will be quickly developed, and 
will fly off in sparks from the knob of the prime 
conductor if another person place his knuckles near 
it while the turning continues ; or it may be taken by 
the operator himself, if the handle of the frame is 
rested against the body so as to have the left hand 
free ; the machine will hold firmly to be turned in this 
way, particularly if a handkerchief folded several times 
be placed over the end of the handle. The spark 
shows that the machine is in working order, and may 
now be applied to any experiment : the very slight 
sensation of taking the spark is caused by the smallness 
of the prime conductor, with a larger prime conductor 
the spark would be more intense but less frequent. 

To Tceep the machine in order. — ^After the machine 
has been in work some time the glass will be covered 
with streaks of the amalgam from the cushions. If any 
of these are dense and cloggy they should be rubbed 
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off with a piece of cloth^ and a little tallow be rubbed 
on tbe place. If the machine does not now develop 
sufficient electricity^ it will be necessary to re-amalga- 
mate the cushions. This is done by unscrewing the 
side of the machine and taking out the disc. The 
amalgam is to be mixed with grease and spread upon 
the cushions very thinly with a dinner knife; when 
the machine is again pat together^ care must be taken 
that the screw to the cushions be not turned too tightly 
to break the glass^ the pressure must nevertheless be 
sufficient to cause the handle to move rather stiffly ; 
it will be best to adjust it gradually, and to try the 
effect continually by charging the Leyden jar several 
times, as increase of pressure is given; the proper pres- 
sure may thus be easUy obtained. 

The Chains. The machine chain. — All metals con- 
duct electricity. To convey the electricity collected 
upon the prime conductor, we make use of a chain ; 
the one provided for this purpose, which we will uni- 
formly call the machine chain, has a short stout 
pin attached to one end and a hook at the other, the 
pin fits into a hole on the top of the ball of the prime 
conductor, and the hook may be attached by lightly 
putting it over the part directed in our experiment. 
When the chain is in use it should be led away from 
the surface of the glass plate of the machine as 
direct as possible to where it is required ; it shoidd 
never hang to touch the table, nor any other part of 
the experiment or other object, except that particular 
part of the experiment to which it is applied. The 
chain, when the machine is excited, will carry off the 
electricity to any object near, and we may if not 
careful lose it all. Experiments occasionally become 
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overcliarged ; for this reason it is better, if an experi- 
ment does not act as it should, to let the chain hang 
loose for a second, to unite the excited surfaces, and to 
re-commence the experiment. 

The ground chain. — The earth is called the common 
reservoir of electricity, because when electricity is 
conducted to it in any manner, it immediately dis- 
appears without leaving any trace. The ground chain 
is a piece of chain with a hook at both ends. It is 
used to convey electricity to the earth or to the outer 
coating of the jar. "When we say to the earth, it must 
be particularly observed through all experiments, we 
mean to any conducting body in connection with the 
earth ; thus if the chain is laid on the table, the table 
is connected to the floor, and the floor to the walls, 
and the walls to the earth, thus electricity woul4be con- 
veyed ; but if the chain were laid on a plate on the table 
no electricity will pass ; if the table is French polished 
and covered with a dry woollen cloth, electricity will pass 
with difficulty, because these last-named substances do 
not conduct electricity well. These observations are 
particularly to be borne in mind if we wish to succeed with 
many experiments. A young friend had an electrifying 
machine given to him, together with several experiments . 
he wrote to the writer of these pages that he could not 
perform several of his experiments by following exactly 
the instructions,; these the writer saw immediately 
were those requiring the electricity to be conveyed to 
the earth. Not being able at the time to inquire into 
the cause, he directed him to connect some fine wire 
which he sent, from the experiment to a gas or water 
pipe ; this gave certain conduction to the earth. Sub- 
sequently visiting the young experimenter, the whole 
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cause of his mishap was discovered ; he had tried his 
experiments on the dining-room table^ which stood 
upon porcelain castors that insulated it from the earth. 
The free chain. — This conductor is used to convey 
electricity from any experiment to the knob of the 
Ley den jar, when the groimd chain is used to convey 
the electricity from the outer coating ; the machine 
chain being used at the same time to fill the jar. 




LEYDEN JAB AND DISCHABGEB. 



The Leyden Jar. — :This is, as explained, a condenser 
or accumulator of electricity. It consists of a glass bot- 
tle, covered with tinfoil internally and externally over 
about three-fourths of its surface up from the bottom. 
The bottle has a dry wooden cap fitted to it. Through 
the cap a small rod of metal is passed, which terminates 
at the lower end with a piece of chain which is allowed 
to rest on the tinfoil surface at the bottom of the bottle ; 
the top of the rod terminates with a metal knob. 

To charge the Leyden Jar. — For this the knob of the 
jar may be held near the prime conductor of the machine 
while it is being turned, taking care that the hand 
touches only the outer tinfoil coating of the jar ; or 
the chain from the machine may be attached to the 
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rod below the knob. It is necessary to observe, if the 
weather is moist that the cap should be removed, and the 
jar, warmed inside by the fire. It is well in charging 
generally to lay the ground chain against the jar, if it 
is not held in the hand. If the whole apparatus is in 
good order the jar will sometimes overcharge and give 
a loud report, as the positive or vitreous electricity 
on the inner coating meets with the negative or resinous 
electricity on the outer coating. 




DOUBLE-JOINTBD DISOHABGBB. 



The Discharging Rod is a bent wire, terminating at 
each end with a ball ; it is shown in our cut on the 
last page in the position it is held against the jar. 
This discharger is what is termed simple. The double- 
jointed discharger is shown in the above cut; this 
last allows the balls to be brought to any distance from 
each other, and is more convenient for many experi- 
ments. 

Experiment 1. — To discharge the Ijey den Jar. After 
a few turns of the machine, connected by the chain or 
held by the hand as directed, the jar will be charged; now 
place one end of the discharging rod against the outer 
coating of the jar, and bring the other knob of the rod 
slowly to the knob of the jar ; when it is within a short 
distance a spark will pass with a report, and the jar 
will be discharged. The outer coating of the jar may 
be touched at any time by the hand, without any 
electricity passing from it ; by this means we may carry 
the jar to a distance to discharge it. 
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The lengtli of spark or electric charge from the 
Leyden jar depends upon the quantity of surface 
coated with tinfoil; thus the larger the jar the longer 
and more intense the sparky and the more power- 
ful the general electrical phenomenon connected with 
it. However, in practice it is found inconvenient to 
have a very large Leyden jar ; the better plan is to have 
several jars, four, six, or nine are used generally, the 
inner coatings are united by means of a chain or rod from 
knob to knob, and the outer coatings by standing the 
jars on slips of tinfoil or thin metal. The intensity of 
the charge is just the same, according to the extent or 
surface of foil, whether it is in one or in many jars united. 
It is generally found most convenient to use a single jar 
up to one square foot of coated surface; above this 
a battery is equally convenient, and if plainly con- 
structed less expensive. 
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The Director. — This is used as a discharger, when 
the electricity is required to pass through an experiment 
previously prepared. It consists of a rod of glass, ter- 
minating with a metal ball, upon which a small hook is 
attached to take the chain. 

To discharge the Leyden jar with the director. — As 
this is required to be done through so many experi- 
ments (which can only be noticed as pass'ing the charge , 
without constant repetition), it will be necessary to ob- 
serve the manner in which the charge is uniformly passed. 
Having prepared our experiment, the ground chain is 
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first connected to a conductor of the experiment by one 
of its ends^ and the other end of the chain is connected 
Mdth the outer coating of the jar, either by laying it 
against the coating, or what is generally better by stand- 
ing the jar upon a portion of it. The free chain is next 
connected to the second conductor of the experiment by 
one end, and to the director by the other. When the ex- 
periment is thus ready the Leyden jar should be charged 
by the chain &om the machine. The charge is now 
passed through the experiment by bringing the knob of 
the director to the knob of the jar. If the experiment is 
properly arranged a spark passes between the knob of the 
director and jar, with a bright flash and snapping noise ; 
but if the experiment oflers too much resistance, so that 
the electricity will not pass, the knobs only give a faint 
light and a blowing noise. The experiment must then 
be re-arranged with less distance between its conductors, 
where broken, or greater surface of jar or battery. 

Insulating Stool. — ^Any object charged with elec- 
tricity from the machine disperses it quickly or slowly, 
according to the nature of the conductors in contact. 
As we have said, all substances conduct electricity ; but 
there are many which conduct it very slowly, as dry atmo- 
sphere, vegetable gum. India-rubber, gutta-percha, 
shellac, glass, silk, etc. Thus, if we wish to charge an 
object with electricity we can do so by insulating it, 
that is by supporting or surrounding it by one or other 
of these substances. The insulating stool is one of 
these means; it consists of the ordinary four-legged stool, 
the legs being of stout glass ; upon this we can place any 
experiment which we wish to electrify, and if the legs 
of the stool be dry we shall lose very little of the 
electricity, except that which is dispersed in the atmo- 
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sphere, or more particularly by the vapour it contains. 
With our No. 1 and 2 machines we have an insulating 





INBULATINa STOOL. INSULATING TABLE. 

stand which consists of a glass pillar with a hole at the 
top to attach experiments, also a metal stand attached 
to the same foot-board which connects experinlients 
with the ground ; this stand enables us to perform many 
experiments, which are generally performed incon- 
veniently attached to the electrical machine, or held in 
the hand. There are many simple means of construct- 
ing temporarily an insulating stand, which we will now 
suggest, as they will give an idea for other experiments, 
than for those of which we particularly indicate the scien- 
tific practice. Thus a person may be insulated from the 
floor conveniently on four dry tumblers, placed as legs of 
a stool, of which a stout folio volume forms the top, 
or by standing in a large dry dish or pan. Experiments 
may be insulated on one or more tumblers, bottles, or 
wine glasses, a sheet of glass, gutta-percha, or India- 
rubber, a cake of pitch, or a dry silk cord. 

With these preliminaries we will now proceed more 
directly with our experiments, which we have attempted 
to classify for special action or object ; the attempt may 
connect some of the phenomena, and it is hoped be 
convenient for reference; but the manifestation of 
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electricity is so general in its action that we shall often 
detect the impossibility of separate classification. Take 
for instance luminotis experiments : we find nearly all ex- 
periments are luminous in a degree, therefore our class 
luminous experiments is only intended to indicate that 
one quality of the experiments is luminosity; there will be 
also many other experiments which are luminous, which 
we shall classify for some other purpose ; as for attraction 
or repulsion, this being in the given instance the more 
peculiar phenomenon of the special experiment. 

Experiments which show the effects of Elec- 
tricity ON THE HUMAN FRAME, ALSO ITS CONDUCTIVITY. 

Experiment 1. — To give a shock to one person. Let 
the person to whom the shock is to be given hold the 
Ley den jar by the tin foil coating in his right hand, and 
place the knob of it against the prime conductor of the 
machine while the machine is being worked ; the jar will 
quickly charge. If he now remove the jar from the 
machine, and place one finger of his left hand against 
the knob, a shock will pass through his body. It is 
optional whether the jar is discharged at once : it may 
be, if required, set down on the table. It will remain 
charged a long time. Another person taking it up with 
one hand and touching the knob with the other will 
receive the shock. 

Experiment 2. — To give a shock through the arms and 

chest of a number of persons. The company must take 

hands to form a chain. Let the person at one end of the 

chain take in his hand the Leyden jar, lately charged 

as directed, by the outer coating. If the person at the 

other end now touches the knob of the jar, the quantity 

of electricity contained will pass through the company, 

and give a shock, according to the size of jar : that 8up« 

c 
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pKed with No. 3 machine will give a very slight shock ; 
that supplied with No. 2 moderate, if fully charged; 
that with No. 1 machine a rather unpleasant shock : 
with this last set of apparatus the lightning jar may be 
used as a Leyden jar, to give a shock sufficient to be 
agreeable for one person. 




THE MAOIO PICTTTBE. 



Experiment 3. — The magic picture. Ihis experiment 
is a modification of Franklin^s pane ; it is intended to 
give a slight shock to one person, by getting him or her 
to hold the picture either by the foil or flat on one hand, 
and to touch the coin with the other hand. In construc- 
tion it consists of a piece of glass with a sheet of tinfoil 
cemented on each side, of about an inch less in size every 
way than the glass. On one side a piece of foil is brought 
over to the edge of the glass, on the reverse side a 
picture is pasted over the foil. The coin is placed on 
the picture, and charged by the chain from the machine. 
It may be conveyed to any person without the elec- 
tricity passing, if it be held by one corner. 

Experiment 4. — To charge a person with electricity y 
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SO that sparks may fly from his body when touched, and 
his hair will stand on end. For this experino^ent we re- 
quire either No. 1 or No. 2 machine^ and an insulating 
stool or some equivalent^ a quite dry^ elean^ large dinner 
dish will answer pretty well, or the tumblers and book 
described. This experiment should also be performed in a 
dry warm room. The person to be electrified must stand 
on the insulated stool, without shoes ; he should be care- 
ful that no part of his body or clothing touch any article 
of furniture or other object. If he now take the chain 
of the machine in one hand, and another person turn 
the machine steadily for a few minutes, the insulated 
person will become charged with electricity, his hair will 
begin to rise, and sparks will fly from his body when 
touched by another person. There is no danger in 
this experiment, and very little sensation but that of 
heat, except that when touched, the sparks passing 
cause a prickling sensation. 

Experiment 5. — To draw sparks from a glass of water 
to the finger. Let the chain from the machine be sunk 
into a glass of water, by tying a coin to the free end of 
it by a piece of thread, and let the machine be worked. 
If any person now apply his finger to within a short dis- 
tance of the surface of the water, sparks will issue from 
it to his finger, with a snapping noise. The water will be 
luminous in the dark. 

Experiment 6. — To inflame ether with a sparh from 
water to the finger. Take a glass of water, and place 
the chain as before ; now pour gently on the surface of 
the water a large tablespoonful of warm ether; if the 
machine be worked, and the finger be brought near to 
the surface, a spark will pass and the ether will be 
ignited. This experiment is generally given as setting 
fire to a glass of water. c 2 
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Expenment 7. — To ignite ether with the top of the 
finger. Immerse a tablespoon in hot water about 
150° Fahrenheit for a few minutes, wipe the spoon 
perfectly dry, pour into the bowl sulphuric ether 
sufficient to about half fill it. Let this be presented 
to a person insulated upon a stool, and charged with 
electricity as already described. If he now point his 
finger over the bowl of the spoon about a quarter of an 
inch above the ether, a spark will pass, and the' ether 
will be ignited. This experiment can only be performed 
with No. 1 machine, except the air be very dry. 

Experiment 8. — ^The last may be varied by letting 
the insulated person hold the spoon, in which in- 
stance it should be presented to him by placing it on 
a dish ; if it is given to him by hand the electricity will 
pass from him. The insulating person holding the 
spoon, the ether may be ignited by the point of any 
other person^s finger. There are many substances which 
may be ignited by the point of the finger in this manner, 
as phosphorus, nitre, paraffin, etc. As the spoon and 
the finger only answer the purpose of conductors, they 
may be replaced by any other conductors, at the option 
of the experimenter. 




•* Experiment 9. — The gentle swan. This experiment 
illustrates the conductive power of the human body. A 
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small glass or cork swan is placed in a dish or pan of 
water. If a person be insulated upon the stool or other 
means we have indicated^ the swan will follow his 
finger in any direction as though it were a magnet^ and 
the swan of iron. The experiment is generally amus- 
ingly performed by offering a piece of bread to the 
swan^ which being electrified through the body acts the 
same as the finger. 

Experiment 10.— A variation of the above maybe 
made by insulating the dish of water^ and charging the 
water with electricity ; the swan will then follow the 
finger of any person not insulated. Variation is also 
made by constructing floating model duck and duck- 
lings^ mermaids^ ships^ etc.^ to fancy. This and the 
last require very little electricity, and may be per- 
formed with No. 3 machine. 




UNIYEBSAL DISCHABaEB. 



Experiments which farticularlt show the intense 
HEAT op the electric SPARK. For thc greater part of 
these experiments we require what is termed a universal 
discharger, which is constructed as follows. A piece of 
wood about ten inches long has a hole near each end, 
into which is inserted with cement a glass rod generally 
about four inches long. On the top of each rod a 
brass cap is fitted, a part of which forms a universal 
joint, which carries an adjustable rod, that terminates 
at one end with a loop, and at the other with a pair of 
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forceps. A small insulated table is fixed in the centre 
of the board, which is so arranged that the points of the 
rods or dischargers described, may meet upon it. The 
forceps of the dischargers are required to hold various 
fiubstances or pieces of apparatus; they have generally 
supplied with them a pair of metal balls, a pair of 
points, pieces of charcoal, etc. 

Experiment 11. — To explode gunpowder. To effect 
this conveniently, we require the universal discharger 
just described and a charged Leyden jar. The powder 
to be exploded is placed on the insulated table between 
the points of the dischargers, which are mounted with 
charcoal points, and adjusted so that they will let as 
long a spark as the Leyden jar will give pass from one to 
the other. One of th« dischargers is connected by a 
piece of wet string to the outer coating of the jar, and 
the other arm is attached to the free chain. If the 
free chain be brought to the knob of the Leyden jar 
a spark will pass, and the powder will be exploded ; it is 
best to hold the free end of the chain by the director 
described at page 14. 

Experiment 12. — This is given to explain the last : if 
we adjust the experiment as before, but instead of the 
wet string we use the machine chain to connect the 
coatings of the Leyden jar, the spark will pass, but the 
powder instead of being exploded will be scattered in 
all directions. This is generally explained, that the 
electric spark in passing a bad conductor, the wet string, 
manifests greater heating powers by the obstruction 
that it encounters. 

Experiment 13. — To bum a fine irontvire ; we require 
the universal discharger and a powerful battery. The 
fine iron wire to be burnt is attached to the two balls of 
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the discharger^ which are fixed several inches apart. 
The chain from one discharger is brought to the outer 
coating of the licyden jar, and the chain from the other 
is fixed to one end of the discharging rod^ and the 
charge of the battery passed. 

Experiment 14. — To bum a gold leaf. For this we re- 
quire the universal discharger fitted with charcoal points, 
and a large Leyden jar or a small battery. The gold is 
to be cut between two leaves of the book in which it is 
supplied, to about three-eighths of an inch wide. The 
charcoal points of the discharger are fixed at about an 
inch apart. The gold is attached to the points by merely 
pressing it upon them. The charge is sent through as 
in the last experiment. The gold disappears with a 
brilliant flash. 

Experiment 15. — To burn silver leaf: proceed as in 
the last experiment, but cut the silver leaf narrower; 
the flash is green. 

Experiment 16. — To burn Dutch metal leaf: proceed 
as in experimeut 14, but cut the leaf only an eighth of an 
inch wide. It will not attach itself to the charcoal 
points by pressure, but may be tied to them by a piece 
of fine cotton; when the spark passes, the flash is 
purple. 

Experiment 17. — To burn tinfoil: this requires either 
a very powerful battery, or the foil to be cut very nar- 
row. Attach the foil to the charcoal points with 
thread, and discharge as before ; the light is white. 

Experiment 18. — To show the heating power of the 
spark, when the substance is not ignited. Place a rod 
of wood about two inches long, on the table of the 
universal discharger ; and pass a charge from a battery 
or large jar several times; the wood will become very 
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hot ; if damp^ steam will arise^ and if the charge be 
sufficient the wood will fly to pieces. If we wish to 
ascertain more correctly the heating power of the spark, 
a longer piece of wood may be taken, and the bulb of 
a thermometer inserted in a hole sunk in the centre 
of it. The mercury will be seen to rise with every 
successive charge passed througlf it. 

Experiment 19. — To ignite ether. Warm a table- 
spoon, and place some ether in it, and set it aside. Take 
the charged Leyden jar in the left hand, and let^ne 
end of the ground chain touch the outer coating. 
Take the spoon in the right hand and the free end of 
the ground chain also, holding them so that they 
touch. If the knob of the jar be now brought over 
the centre of the spoon, a spark will pass, and the spirit 
will ignite. 

Experiment 20. — To light a candle with a piece of ice. 
The candle for this experiment has to be prepared as 
follows : — Cut a piece oflF the top end of a common dip 
candle, about two inches long, cut the loose cotton off 
with a pair of scissors, to about half an inch above the 
tallow, the cotton should be clean ; now press a thin wire 
through the piece of candle from the top end, and let it 
project some distance below the bottom end, the wire 
may be concealed, in the cotton. A darning needle or 
half of a hair-pin will answer well for the wire, par- 
ticularly if the extreme point be broken off. Place the 
piece of candle in a metal candlestick, being particular 
to observe that the wire through the candle touches the 
socket, after which dip the point of the caudle in paraffin 
oil. Grind a piece of ice to an obtuse point, or procure 
a short icicle. The candlestick is now to be united by the 
ground chain to the outer coating of the charged Leyden 



AND EXFEBIMENTS. 25 

jar; the free ehain attaclied to the knob of the jar, and 
also tied by cotton to the icicle. The icicle must be laid 
on a piece of cloth on a plate^ with the point only pro- 
jecting beyond the edge. If this point be brought 
over the candle, a spark will pass, and the candle 
will be ignited. The experiment may be performed in 
another manner : — ^An insulated person takes the icicle 
in his right hand, holding the chain from the machine 
in his left, and another person brings the prepared candle 
to him. A spark will proceed from the ice if presented 
to the wick of the candle, which will ignite it. 

Experiment 21. — To light the gcbs. For this experi- 
ment take the charged Leyden jar in the hand, with 
the one end of the ground-chain between the fingers 
touching the jar. If the free end of the chain be now 
thrown over the gas arm, the gas turned on, and the 
knob of the jar brought over the burner, a spark will 
pass, and the gas will be lighted. The jar supplied 
with No. 3 machine is sufficient for this experiment. 

Experiments in chanoinq the character of the 
Electric Spark. — ^We have already mentioned that 
the electric spark is a manifestation of the intense 
heating power of electricity, and that particles of the 
conductors, between which the spark passes, are really 
ignited] this gives rise to an amusing series of experi- 
ments. By the substitution of different conductors, we 
have variously coloured sparks. In the most instances, 
the substances are fixed upon the points of the universal 
discharger, and the shock passed as in Experiment 14. 
The following substances are very effective. 

Experiment 22. — Gharcoal points, fixed in the uni- 
versal discharger, at a little less distance than the 
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extreme tliat the spark will pass. The charge from the 
Ley den jar will produce a yellow spark. 

Experiment 23. — Substitute two ivory balls in the 
forceps of the universal discharger. If the current be 
united, the spark that passes will be crimson; the 
ivory balls will require to be very small, and at a short 
distance apart, with a single jar. The experiment is 
better performed with a battery. 

Experiment 24. — The spark from a silver ball. Place 
two balls of copper electro-plated with silver in the 
universal discharger ; let a spark pass £rom the jar ; it 
will be of a bright green. 

Experiment 25. — The electric spark near the flame of 
a candle. Take the charcoal points of the universal dis- 
charger, and fix them at double the known distance that 
the spark will pass. Take a short wax candle ignited, 
and bring it a little aside, but intermediately between 
the charcoal points. If a charge be passed as described 
for previous experiments, the spark will be of great 
length, of extreme brightness, and curved so as to avoid 
the flame. This experiment is much more brilliant 
if performed with a battery. 

Experiment 26. — ^Bring the points much hearer than 
in the last, and let the spark pass just over the wick 
of the candle, it will now assume a globular form. 




Experiment 27. — The electric spark over water. Place 
on the table of the universal discharger a piece of glass, 
on which is placed a drop or two of water lengthened out 
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"With the finger to about an incli^ or more if a battery is 
to be used. Let the charcoal points be about a quarter 
of an inch from each end of the streak of water. If a 
charge be now passed^ a spark will run over the surface of 
the water. By this experiment the spark may be in- 
creased to three times its ordinary length, and its brilli- 
ancy intensified in the same proportion : it is altogether 
a beautiful experiment. The spark is supposed to be 
conducted by the vapour arising from the water. 

Experiment 28.— 7%c spark passing from a point to a 
globular surface. In this experiment the pair of forceps of 
the universal discharger, which is connected by the chain 
with the machine or inner coating of the jar, is provided 
with a metal point, and the second pair of forceps carries 
a metal ball of about three quarters of an inch diametdir. 
After adjustment for distance according to the charge, 
if a spark or current be passed, the spark from ,the 
point to the ball will be divided into numerous branches. 




Experiment 29. — The spark bending to avoid a non^ 
conducting surface. Let the ball in the last experiment 
be exchanged for a small disc of vulcanite or gutta-percha 
cemented upon the end of a piece of stout brass wire, 
so as to be held in the forceps as the ball was held. If 
a spark be now passed, it will bend over the edge of the 
disc, and appear to be repelled by its surface. 

Experiment 30. — The spark on a partially conducting 
surface. Let the disc in the last experiment be covered 
with dew, frost, or steam from a tea kettle, or by 
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wiping it a few times witb a wet cloth, bo as to cover it 
witli moisture. The spark will pass in all directions in 
bright veins of light. 

Experiment 31. — The spark over finely divided con- 
ductors. Take a piece of gutta-percha about two inches 
square, and heat one side until it becomes sticky ; press 
this upon, or sprinkle it over with, fine metal filings. 
When cold lay it on the table of the universal discharger. 
If the points be now connected with the edges of the 
surface, the spark will paaa in zigzag lines from point to 
point. This experiment will be very pretty if filings 
of diliTerent metals are used, as the spark will vary in 
colour in diflferent parts of its course. 

Experiment 32. — T/le spark passing a current of air. 
Eet the spark pass in a current direct from the machine, 
between the carbon points of the universal discharger. If 
the spark be now blown crossways with a glass blowpipe, 
die air will assume a flame-like form. 




Experiment 33. — To show that the spark will pass 
under water. For this experiment we require a piece 
of gutta-percha insulated wire, of this we construct a 
small loop and twisted stem, by folding the insulated 
wire upon itself and twisting it into a kind of cord. If 
it be held in this form and warmed, it will remain per- 
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manent. The loop is then to be cut in two with a pair of 
scissors^ and the two ends separated a little^ according 
to the charge required. If the loop be plunged into 
water^ and one end of the wire be connected by the chain 
with the outer coating of the charged Leyden jar, and 
the chain from the other end be brought to the knob 
by the director, the spark will pass through the water. 

Experiment 34. — I%e spark through oil. If the last 
experiment be repeated with salad oil in place of water, 
the spark will be of an intense green colour. Most oils 
would answer except paraffin, or some of the lamp oils 
which are of a similar nature; these would explode, 
therefore great caution should be taken with them in 
experiments of this kind. 

Experiment 35. — To show that the spark really rfc- 
taches and ignites particles of metal. Prepare a discharger 
in the following manner : take two pieces of stout writing 
paper, three inches by two inches, and paste them over 
on one side ; now cut two pieces of sheet gutta-percha 
tissue, about three-quarters of an inch square ; attach 
one of them to the centre of one of the pieces of paper, 
on the pasted side, now cut two slips of tinfoil two 
inches by half an inch, and round off the ends, place 
them upon the paper so that the ends touch within a 
quarter of an inch ; place the second piece ofr gutta- 
percha tissue over the first, and close the whole with 
the second piece of pasted paper; after this has dried 
a short time, a charge or two is to be passed from a 
battery or jar. If the paper be now torn asunder, 
small particles of metal will be deposited upon the 
gutta-percha, sometimes these will be fused, and present 
a filmy spot ; the paper should be slightly moist at the 
time of the discharge. 
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Mechanical Effects of the Electric Discharge. 
These are violent expansions whieli cause laceration, 
explosions and fractures ; the effects are shown upon all 
non-conductors, when not of sufficient size to resist the 
effects of the charge. 

Experiment 36. — To perforate a hole through paper 
or card by electricity. For this experiment the paper 
is placed against the outer coating of the charged 
Leyden jar, and one end of the discharging rod shown 
at page 12, is placed against it. If the free end of the 
discharging rod be now brought to the knob of the 
jar, a spark will pass, and the paper will be perforated 
with a small hole. The charge from a large Leyden 
jar will perforate fifty to hundred pages of a book. 

Experiment 37. — To pierce a hole through glass. For 
this we require the universal discharger. The glass is 
required to be very thin for the charge of a single jar or 
small battery ; that used for microscopic objects answers 
the best. The thin glass requires to be set on edge upon 
the surface of a piece of stout glass, which may be done 
with sealing wax. The points of the universal discharger 
are brought to opposite sides of the glass, and a spark 
is passed from the jar or battery, which makes a hole 
through the glass. 




ELEOTBIO MOBTAB. 

Experiment 38. — The electric mortar. This ex- 
periment is given to illustrate the expansion of air by 
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electricity. A small mortar is constructed of ivory^ 
having a mouth hollowed out in the form of a deep cup ; 
a boxwood ball is fitted to the cup just tight enough to 
hold in by its own weight ; a small chamber is made 
in the mortar behind the cup, in which are inserted, 
at opposite sides, the ends of two wires, so that their 
points are at about a quarter of an inch apart ; one wire 
is connected with the outer coating of the Leyden jar,and 
a chain from the inner coatingls brought by the point 
of the discharger over the second wire that forms a 
kind of touch-hole ; and a spark is passed. The spark 
passing also in the interior of the mortar at the same 
instant, causes the air to expand with sufficient rapidity 
for the ball to be thrown from the gun. 

Experiment 39. — The electric charge throvgh plastic 
substances. Let two wires be inserted in a lump of 
soft worked clay, so that the points nearly touch. If a 
charge be now passed, a large hollow cavity will be 
blown in the clay near the points. 

Experiment 40. — To destroy gold leaf. In this expe- 
riment we require two pieces of glass about three inches 
square ; two slips of tinfoil are pasted on one piece of 
glass from opposite edges, so that they reach within half 
an inch of the centre of the glass, and have therefore 
their ends at about an inch apart, the slips of foil are 
left projecting over the edge of the glass on each side, 
and the paste is thoroughly dried. A piece of gold leaf 
is now placed in the centre of the glass, so that it 
touches the two slips of foil, the second glass is then 
placed over it, and the two glasses are tied together 
with packthread. If a shock from a large jar be passed 
through this, the gold will be reduced to fine dust. 

Experiment 41, — ^The three following experiments 
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show the power of electricity in reversing the effects of 
capillary attraction. The most simple is performed by 
saturating a piece of sponge with water^ and suspending 
it by a wire from the prime conductor of the machine. 
Before- it is electrified the water will fall drop by drop, 
but when charged it will pour out in jets, and quickly 
exhaust the sponge; in the dark the water becomes 
luminous. 

Experiment 42. — The^luminous shower. We require 
a bucket the bottom of which is perforated with very 
fine holes ; this is filled with water, and suspended by a 
silken cord over an empty basin or dish. Before charg- 
ing the bucket with electricity the water issues from 
the holes slowly in separate drops ; but when the bucket 
is charged from the chain of the machine, each hole 
discharges a fine jet, which is perfectly luminous in the 
dark. It requires a powerftd current. 




THB ELECTBIO SYPHON. 



Experiment 43. — Funnel and syphon. This experi- 
ment is similar to the last, only that the bucket or 
funnel has one hole only, and the water is supplied by 
a glass syphon as it runs out. The water issuing from 
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one hole separates itself by the electrical repulsion of its 
atoms into a brush-like vaporous form, which is luminous 
in the dark. In our illustration we have a very simple 
modification of this experiment. The water is electri- 
fied in any vessel, and a glass syphon, first filled? with 
water, is hung over the edge of it. The electrical 
effects are precisely the same. It requires the power of 
No. 1 electric disc. 

Experiment 44. — Sand plate. This experiment shows 
the arrangement of particles of non-conducting matter 
under the influence of the electric current. Very 
fine sand is generally used, but tannic acid being 
lighter, illustrates the experiment better. With this 
a piece of glass or vulcanite placed upon the table 
of the universal discharger is strewn over, and lightly 
jarred until it spreads equally upon the surface; the 
points of the discharger are brought down to nearly 
touch the surface. If the electrical current be passed 
direct from the machine the particles will arrange them- 
selves in symetrical form, the greater portion leaving 
the positive point, and accumulating at the back of the 
negative one. 

Experiment 45. — The inclined plane is an illustra- 
tion of mechanical motion by electricity against natural 
gravity. The plane is constructed of two pieces of 
stretched wire, which are fixed upon an insulated stand 
in such a manner that they are parallel to each other 
at about two inches apart, but inclined to the level of 
the stand about fifteen degrees. An electric whirl 
which consists of a star of thin wire, each point of 
which is turned at right angles to its radiation in the 
direction of the plane of its surface, is mounted 
in the centre of a wire axle and placed on the plane» 

p 
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Cliarged with electricity tlirough one of the fixed 
-wires, the whirl will roll gradually upwards. 

Experiments which show that objects ob fakticles 

OP objects chabged with like Elbctbicity are kb- 

* 

FELLED FROM EACff OTHEB. 




Experiment 46. — TXe head of hair. For this experi- 
ment^ the metal wire on which the head is fixed is 
inserted in the prime conductor of the machine. The 
machine is then turned ; should the hair, through its 
hydrometrical state, not rise quickly, the hand may he 
held a short distance over the head, and the hair will 
be quickly attracted to it. 

Experiment 47. — ^A pretty variation of the above is 
to have, instead of the head of hair, a metal ball similar 
to the prime conductor to our electrical discj placed on 
a wire stem, and long strips of different coloured tissue 
paper attached to the hall, so that each strip touches 
the metal. If this be charged with electricity similarly 
to the last experiment, the papers will float about ia a 
taost fantastic maimer. 
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Experiment 48, — The electrical balloon. It is 
obvious that the two -previous experiments show the 
repulsive power of electricityj the hair or papers being 
charged are only retained in contact with the conductor 
by the strength of the cement attaching them by one 
end. The electrical balloou is a variation of this ex- 
periment in having both ends attached, and answers 
very well with paper slips as in the last experiment. 
As we have arranged it, it consists of ball and stem, as 
before ; attached to the top of the ball are a quantity 
of silk cords of different colours; these are united at 
equal distances from the ball to a very smaJl piece of 
pith. When the experiment is charged with electricity, 
the cords expand as in the illustration, and form a pretty 
experiment. The top of the balloon should be raised 
by the hand, as in the head experiment, until the cords 
are fairly expanded. This experiment requires a power- 
ful electric current; 

Experiment 49. — Wax threads. Fasten a piece of 
sealing wax to a wire, and insert the wire in the hole 
of the prime conductor. Soften the sealing wax by the 
flame of a candle, and work the machine. Pine silky 
fibres of was will be thrown off, which may be collected 
upon paper. By afterwards warming the paper, the fibres 
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wUl attach themselves firmly to it. The fibres of wax 
are thrown off by the repulsion of their own electrified 
particles, the wax when melted becoming a conductor. 

Experiment 50. — The camphor plant. Place a piece 
of camphor in a warm spoon, which may be insulated by 
tying it to the foot of a wine glass ; connect the spoon 
with the chain of the machine, and ignite the camphor. 
When the current of electricity passes, the camphor will 
shoot out in branches like a growing plant. 




Experiment 51. — The sportsman and birds. This 
consists of a pair of birds which are made of pith and 
feathers, and are attached to an insulated knob or to the 
knob of the Leyden jar by silk threads; and the sports- 
man, which is constructed as a conductor to take the 
electricity from the knob to the ground. Our experiment 
is performed by the intervention of the Leyden jar ; the 
chain from the machine is connected with the knob of 
the jar, and the free chain from the jar to the insulated 
knob on the stand. When the machine is worked the 
birds charge with electricity, and are repelled from the 
insulated knob. The sportsman being a conductor and 
connected to the ground, is brought gradually towards 
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the knob ; when lie is sufficiently near^ a spark passes 
between the knob and the point of his gun with a sharp 
noise; thus taking the charge from the birds^ they 
instantly fall. 

Experiments which show that particles op air^ 

WHEN charged WITH LIKE ELECTRICITY^ ARE REPELLED 
AS OTHER LIGHT BODIES ARE. 

Experiment 52. — To blow a candle out by electricity. 
This experiment is an illustration of the repulsive power 
of electricity acting upon the atmosphere. It is found 
that electricity will always pass oflf by preference from 
a pointed conductor. In passing off into the atmo- 
sphere from a pointy the particles of air near the point 
become charged^ and are repelled just as other light 
bodies are under similar circumstances^ as we see in 
the head of hair. The atmosphere being repelled prin- 
cipally &om the pointy it forms a current which will blow 
a candle^ or^ if strong enough^ blow it quite out. All 
we need for this experiment is the chain led from the 
machine^ and a sharp-pointed strong pin tied to it 
with a piece of thready to form a blower. 





ELXOTBIO WHIBL. 

Experiment 53. — The electrical whirl. This is 
founded on the same principle as the last experiment. 
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It conBists of a boss of metal from which foiir or more 
light arms extend a few inches. The arms are pointed, 
and the points are turned at right angles to the arms. 
The centre boss has a small hole through it, which fits 
on a pin, the whole being fixed on a stand, which it is 
necessary to insulate ; this may be conveniently done 
by standing it upon a dry dinner plate, in de&ult of 
an insulating stool. When the chain from the machine 
is connected, the electricity passing off the points 
causes the whirl to spin round j in the dark a luminous 
brush is seen &om each point. 




Experiment 54. — The windmill. This is a modifica- 
tion of the whirl experiment, in which the whirl placed 
vertically and disguised by paper sails, ia centred opon an 
insulated wooden mill. The electricity passing into the 
air from the points, causes the sails to turn with equal 
motion, the chain being connected directly from the 
machine to the mill. 

Experiment 55. — The electric fly-wheel. This is 
another modification of the whirl, and consists of a 
wheel cut out of very thin sheet copper or brass. 
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centred on an axis with two points^ and supported on a 
stand, which requires insulation. The edge of the fly- 
wheel is cut in the form of very elongated saw teeth, 
from the points of which the electricity driving the 
particles of air causes it to move with rapid motion, 
when charged by the chain direct from the machine. 

Experiment 56. — The electric engine. In this the 
fly-wheel described above has a cranked axle, and is 
caused to work a small imitation steam-engine. The 
experiment is amusing, in that observers look to the 
piston for the source of motion. 

Experiment 57. — The electrical orrery or planet- 
arium. This experiment consists of three balls ; one 
large to represent the sun, a much smaller one to 
represent the earth, and a very small one for the moon. 
The image of the earth and moon form the two ends of 
a light rod, which is centred so that they will balance 
and swing round on a point, which will be, from the 
difference of size, very near the earth. The ball to 
represent the sun is also placed on the end of a rod, 
the othjer end of which is turned up to form a centre 
for the two balls which represent the earth and 
moon. The whole apparatus is balanced and centred 
so that it will turn freely on a point, which from the 
difference of weight of the parts, comes very near the 
sun. Prom the moon a point is projected horizontally, 
which causes it by the passing of the current to move 
round the earth; and two similar points on the rod 
connected with the sun cause the earth and moon to 
revolve apparently round the sun. Really the moon and 
earth, and earth and sun respectively revolve in a circle 
in equal-i;imes ; but the centre being in each instance 
near the larger body, they do not appear to do so. 
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Experiments which show alternate Attraction 
AND Repulsion. 




INBULATSD PITH-BALL BTAND. 



Experiment 58. — The insulated pith-ball stand. 
This apparatus is the most convenient to show elec- 
trical attraction and subsequent repulsion in its sim- 
plest form. It is used also for other experiments which 
we will touch upon under another heading. Although 
we shall not need the electric disc to attract and repel 
the pith ball for this experiment^ it explains the elec- 
trical law by which other experiments that do require 
it act. If we rub a stick of sealing-wax or a glass rod 
until it is warm, on a piece of woollen cloth, and apply 
it to a pith baU suspended by a fine piece of silk, we 
shall find that the ball is attracted to the rubbed surface 
until it touches it. After it has remained in contact a 
second or two, the same surface repels it, and will con- 
tinue to do so for a considerable time ; but if we apply 
the finger or any other object to the ball, it will be 
attracted to this iintil it touches, after which it will be 
again attracted and repelled by the first excited surface. 
If we let the ball hang between our finger or any other 
conductor and the surface of the rubbed wax or glass, 
the ball will continue to go backwards and forwards 
from one to the other. In this experiment the finger 
takes the electricity £rom the ball and conveys it to the 
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earthy and makes it free to be again acted upon by the 
excited surface. 





Experiment 59. — The electrical spider. This experi- 
ment shows the eflfect of a body retaining electricity so 
that another body does not become charged without 
touching, whereas electricity thrown oflf a point is 
sufficient to charge a body at a distance. The elec- 
' trical spider consists of a piece of pith painted like a 
Spider, and supported on horse-hair legs, and placed 
upon a piece of glass. A piece of wire, having a ball 
at one end and a sharp point at the other, with insu- 
lated handle to hold it, is connected with the chain of 
the machine, and charged. When the ball is presented 
to the spider it is attracted; but when the point is 
presented it is repelled. To render the experiment 
more amusing, the ball is sometimes painted to imitate 
a fly. 




FITH-BAIiL STAND. 



Experiment 60. — The pith-ball stand. In this experi- 
ment the pith balls are acted upon by attraction and» 
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repulsion, as in 58, but the balls being enclosed the 
action is continuous. The apparatus consists of a glass 
jar, haying a wooden cap fitted upon the top lined 
with tinfoil. The bottom of the jar is also coated with 
foil inside and out, and the two coatings are connected 
together by a wire inserted in the glass. Through the 
lid of the jar a metal rod extends a distance which is 
adjustable to accord with the power of the machine : this 
rod has a knob at either end. Several pith balls are 
placed in the jar. The chain &om the machine is con- 
nected directly with the rod in the cap of the jar. 
When the machine is worked the balls fly about in 
all directions, the knob attracting and repelling, and 
the lower surface carrying the electricity off to the 
earth so that the balls may be again attracted. 

.Experiment 61. — Snowhalling^ This is a modifi- 
cation of the last. The jar is placed horizontally, and 
a figure is fixed near either end, one to connect with 
the machine, and one with the ground. Several pith 
balls are thrown loosely in the jar. The attraction and 
repulsion of the loose balls cause the figures to appear 
to pelt each other. 

Experiment 62. — The electric ring. A metal ring is 
placed upon a disc of glass, the disc is supported by a 
metal rod in the centre, which passes through the glass 
and conducts to the earth. Several light blown glass 
balls are laid on the disc between the ring and the centre. 
The chain from the machine is connected with the ring. 
When electricity is excited the ring alternately attracts 
and repels the balls, and keeps them in continual 
motion. The whole is luminous in the dark. 

Experiment 63. — The scullers. For this experiment 
a boat with two boatmen is fixed upon a piece of glass, 
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coloured on the under side to imitate water. The 
figures have an axis at the seat, in about the centre of 
their gravity. They hold a pair of oars which are 
balanced on the sides of the boat. Two small knobs 
in the bottom of the boat, one connected with the 
machine, and the other with the earth, alternately at- 
tract and repel the lower portion of the figures, 
giving them a rocking motion, also working the oars. 




ELECTBIC BELL. 



Experiment 64. — The electric bell. This experiment 
illustrates the power of attraction and repulsion as in 
experiment 58 ; but instead of a light substance (the 
pith ball) we have a metal ball insulated by hanging 
it on a thread of silk. A small bell is also insulated 
in a similar manner, and both are hung at a short 
distance apart, upon a small metal crane, which also 
requires to be insulated from the ground by a glass 
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stand. A chain from the centre of the bell is conveyed 
to some object in connection with the ground, and the 
chain from the machine is connected with the metal 
crane on which the bell and ball are suspended. When 
the machine is worked the side of the crane attracts 
and repels the ball, and causes it to strike the bell 
rapidly. The ball and bell sometimes require a little 
adjustment for striking distance. When the ball is 
in motion it is necessLy to work the machine very 
slowly, or the electricity will pass in sparks, instead of 
by striking contact. 

Experiment 65. — ^A variation of the above experi- 
ment is made by fixing a second bell on the stem of 
the crane, or by fixing one bell on a centre stem, and 
three or four other bells, each with suspended balls, sur- 
rounding it. The eflfect of either of these plans is of 
course increase of sound. The equivalent arrangement 
is often fixed on the top of a Leyden jar. 

Experiment 66. — The electric chime. This apparatus 
consists of eight bells made to musical notes, and ar- 
ranged in a circle upon a horizontal stand. In the 
centre of the stand a glass rod is fixed, which supports 
an electric whirl described in experiment 53, at about 
six inches above the bells. The whirl carries with its 
motion a metal ball suspended by a silk thread, and a 
second metal ball nearer the centre, fixed upon a piece 
of wire. When the machine is worked, the ball upon 
the wire, taking the electricity, attracts and afterwards 
repels the suspended ball, which causes it to strike one 
of the bells; at the same time the whirl carries the 
ball along to another, so that each bell is struck in 
succession. 

Experiment 67. — The Molian chime. In this, in- 
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stead of bells we have plates of metal^ such as are used 
for the harmonicon ; these are suspended vertically by 
silk cords^ at about an inch or two apart ; a metal ball 
is also suspended in each space between the plates. 
The first plate of the series is conducted to the machine^ 
the last to the earth. When the electric current passes^ 
the balls take a swinging motion and chime upon the 
plates^ but seldom in regular succession^ therefore it is 
best to have the plate notes for one chord only^ in two 
or more octaves. 




THE IMAGE PLATE 

Experiment 68. — The image plate. This experiment 
consists of two metal plates fixed upon a stand hori- 
zontally, at about two inches apart. The upper plate 
is insulated by being suspended by a silk cord ; the 
lower plate is connected with the ground ; a comical 
figure or figures are placed between the plates. The 
chain firom the machine being connected with the upper 
plate^ the electricity as it passes will alternately attract 
and repel the figures^ which will cause them to dance 
about most amusingly^ according to the rate that 
the machine is turned. 
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Experiment 69. — Franklin^ s fly wheel. A small wheel 
having glass spokes is fixed horizontally^ so as to 
balance upon a point. The glass spokes are carried 
through the rim of the wheel. On the end of each 
spoke is fixed a metal ball ; the whole is placed upon a 
stand between two balls^ one insulated^ and one con- 
nected with the ground. The insulated ball being con- 
nected with the machine, the balls on the fly wheel, 
after it has been started one turn, will be alternately 
attracted and repelled, so that the wheel will fly round 
rapidly and continuously. 




SLECTBIO SEE-SAW. 



Experiment 70. — The see-saw. For this we require 
two small figures balanced as upon the beam of a scale, 
the centre support of which requires to be insulated 
by a glass rod. A metal ball is fixed under each 
figure, one ball insulated by a glass rod, and the other 
connected with the ground. The chain from the ma- 
chine being fixed to the insulated ball, the nearest 
figure is attracted and afterwards repelled, until the 
opposite figure touches the groundwork and therefore 
discharges the electricity, which allows the first figure 
to be again attracted and repelled as before. The ex- 
periment forms an excellent illustration of attraction 
and repulsion. 
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Experiment 71. — The swing has the same arrange- 
ment as the last^ only that in place of the see-saw a 
small figure is suspended by two silk cords to form a 
swing. The principle is the same as the bell experi- 
ment. 

Vabious luminous effects of the Electric Spark 
AND Current^ which particularly require to be 
performed in the dare. 

Experiment 72. — The star and brush. This experi- 
ment is a very simple one^ but it is instructive as illus- 
trating a phenomenon of electricity which is in itself 
very curious. That is, that electricity flying oflf from a 
point assumes the form of a luminous brush ; but upon 
collecting or entering a point, it assumes the form of a 
star. The experiment may be easily performed by 
tying a large household pin to the end of the machine 
chain, and insulating it by attaching it to a stick of 
sealing wax. If a person hold another pin, and bring 
the point near to the one affixed to the chain, a current 
will pass, leaving the pin on the chain as a brush, and 
being received on the pin held in the hand as a star. 
This experiment is performed more effectively by fixing 
points in the clips of the universal discharger, already 
described, and allowing the current of a No. 1 or 2 
machine to pass. 

Experiment 73. — The diamond jar. A very large 
class of luminous experiments are produced by breaking 
the conductor by various means, so as to exhibit the 
electric spark at all the breaks. The diamond jar is 
undoubtedly the best of these, and at the same time the 
most tedious to construct. It is really a Leyden jar ; 
but the foil instead of being attached in a broad sheet 
is cut up into small diamond-shaped pieces, each with 
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a hole in the centre. These are cemented entirely over 
the inside and outside of the jar, each diamond being 
fixed with great precision so that every angle shall be a 
short distance from the contiguous angle of the next 
diamond, also that every angle on the inside shall come 
in the place, of the hole in the centre of the diamond 
on the outside; the jar is covered with a cap, and a 
ball, rod, and chain is fixed into it as in the Leyden 
jar. The experiment is performed by charging the jar, 
and afterwards discharging it with the discharging rod, 
the effect of which is that the jar is illuminated all 
over with brilliant sparks of electric light. 
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ELEOTBIO DOT TUBE. 



Experiment 74. — The dot tube. This consists of a 
tube of glass, with a metal cap at each end. Along the 
inside of the tube is cemented a series of metal dots 
separated a short distance from each other, and arranged 
generally in spiral form, so that the last dot at each 
end of the tube touches the metal cap. The electricity 
is passed through the tube, either by holding it in the 
hand by one end, and applying the other a short dis- 
tance firom the Leyden jar, while the machine is con- 
tinuously turned, or by hanging the tube in the insulat- 
ing and conducting stand. The luminous effect is a spiral 
of brilliant sparks ; this tube requires No. 1 or 2 machine 
to work it ; the ground chain may be held in the hand, 
so that it will touch the outer coating of the jar, when 
used as first directed. 

Experiment 75. — The star plate. This experiment 
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is upon tlie same principle as the last ; but the dots are 
afiSxed to a circular disc of glass> and placed on a stand. 
Th£ knob of the Leyden jar in this experiment has to be 
placed about a quarter of an inch from the knob at the 
top edge of the plate^ and the electricity conducted 




from the under side of the stand to some conductor in 
connection with the ground. The luminous effect is a 
star-shaped figure. This experiment is often varied by 
having various objects delineated on the glass by dots^ 
as a house^ animals^ etc. 

Experiment 7Q. — The electric spectrum. This is 
only a simple modification of the last j it consists of 
three or more pieces of coloured glass fixed in a frame^ 
generally arranged as in the spectrum — ^red, yellow, and 
blue. A series of dots as in the star plate are arranged 
in serpentine form upon the, back surface of the glass. 
When the current is passed from the Leyden jar, as 
explained for the star plate, the luminous effect is a 
line of lights which appears to change in colour as it 
passes behind the glass. 

Experiment 77. — lAtmimms book. Procure a book 
having the cover and back richly gilt ; take the ground 

E 
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cham ill the hand in which the book is held, and let 
the other end of the chain touch the outer coating of 
the charged Leyden jar. Now bring a portion of the 
gilding to the knob of the jar; the electricity will 
flash along the gilding in streams of green light. If 
another person work the machine the jar may be con- 
tinually filled, so as to repeat the experiment at short 
intervals. 
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ELECTBIC WORD PLATE. 



Experiment 78. — Word plates. These are constructed 
upon the same principle as the star plates, and only 
vary in the system of conducting the electricity, which 
is efiected by continuous narrow bands of foil attached 
at equal distances longitudinally on the slips of glass, each 
pair being connected at alternate ends ; the words are 
formed by the bands of foil being detached only where 
the lines of the letters occur. Word plates require a 
strong current, and the spark to be taken from a large 
Leyden jar ; No. 1 machine only performs this experi- 
ment eff'ectively. 

Experiment 79. — Electric designs on card. The last 
experiment may be performed by placing the lines on 
paper or card, but the effect is not so good as upon glass, 
A more effective way is to have a sheet of black paste- 
board, which should be well varnished back and &ont 
and to make the words in dots of tinfoil, pasted on at 
short distances apart, following the outlines of writing 
letters. Where there are any breaks between the letters 
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or parts of them, a long slip of foil must be fixed to 
convey the electricity from point to point. The tinfoil 
may be painted the same colour as the paper, and no 
words nor designs will be seen on the surface until the 
ends are connected with the Leyden jar and a charge is 
passed. 

Experiment 80. — Tin tack conductors. A very 
simple way of making dot experiments is to obtain a 
piece of dry wood, and draw out upon it a word or 
design, the lines of which must be followed continuously 
by tin tacks driven in at short distances from each 
other, and to an equal depth, so that the heads form a 
level plane. The simplest way of proceeding is to first 
cover the wood with paper attached with paste, and 
then to set out the distances for the tacks with a pair of 
compasses; a smaU hole maybe made in the compass 
marks with a pointed awl or a fork, which will insure 
equal distances. If this experiment is executed on a 
large scale, large-headed wrought iron carpet tacks 
should be used, or cheap drawing pins will answer very 
well. The surface of the paper should be varnished. 

Experiment 81. — The sparkle tube. This consists of 
a tube of glass, capped at each end, and containing a 
rusty iron chain. The electricity is passed through it 
similarly to the dot tube. The luminous effect is a 
series of flashing lines of light, very effective. 

Experiment 82. — Luminous chain. If the chain in 
the last experiment, instead of being placed in the tube, 
be hung from ball to ball of the insulating and con- 
ducting stand, it will appear very luminous, although 
less so than in the tube; but if several lengths of 
coloured glass tube be strung over it it will thus form 

a very pretty experiment. 
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Experiment 83. — The bead chain is constructed of 
a series of be^^ds threaded upon silk^ alternately one 
large of metal^ and one small of glass. The glass beads 
are of various bright colours. The hole in the glass 
bead is of sufficient size to let the spark pass through 
it from metal bead to bead. It is fixed in the insulat- 
ing and conducting standi and sparks passed through 
it from the Leydeu jaf ^ the knob of which should be 
placed at about a quarter of an inch from the insulated 
knob of the stand. The luminous effect is a chain of 
sparks of various colours. 

Experiment 84. — Luminous eggs. A single egg may 
be taken^and the spark passed through it j it will be lumi- 
nated by the sparky and will also appear luminous in the 
dark afterwards. Or a current may be passed^ and it 
will become very luminous if the current is of sufficient 
strength. The manner this experiment is generally 
shown is to have a small stand on which the egg or eggs 
may be fixed^ by holes in glass sufficiently large to 
admit them to stand firmly^ at a proper distance from 
the balls of the discharger. 

Experimeut 85. — Luminoua eggs. This experiment 
used to be performed in another manner at the Poly- 
technic Institution some yeaxs since. A chain of hollow 
wax imitation eggs of various colours was suspended 
by a wire conductor^ which was broken in the centre 
of each wax egg^ so that a spark passed and illuminated 
the whole chain. 

Experiment 86. — Luminoi^ fruit. An orange for 
this is particularly effective. Attach one side to the 
ground chain by a tin tack pressed into the eye of 
the orange^ lead the chain off to the outer coating 
of the Leyden jar or battery ; if the chain from the 



knob of the charged jar be brought by the discharger 
to the opposite end of the orange^ a spark will pass^ 
which will render the orange luminous. 

Experiment 87. — LuTfiinous dish of fruit. Pass the 
current direct &om the machine through the several 
fruits insulated separately^ and afterwards take the whole 
on a dish into the dark : if the wealher be dry it will 
appear sufficiently phosphorescent to distinguish each 
kind of firuit. 

Experiment 88. — Luminous fish. If the chain direct 
&om the machine be tied to the tail of a fish (a sprat 
or herring answers very well) by a piece of cotton, and 
the finger of an assistant be placed in the mouth, when 
the machine is worked the fish will become luminous. 

Experiment 89. — Phosphorescent tube. Take a small 
glass tube, fill it tightly with dry sulphide of cal- 
cium, aiid stop each end with a cork covered with tin 
foil ; pass the electric current through it direct from 
the machine. Afterwards if it is removed into the dark 
it will be luminous for a considerable time. If the air is 
partially exhausted in a tube of this class, the tube may 
be made larger and longer, and the experiment will 
answer better. 

Experiment 90. — The storm picture. Take a print, 
a water-colour drawing or a print mounted on card 
representing a storm; draw in lightly with pencil a 
fiash of forked lightning where required for efi^ect, and 
pierce the two ends of the flash through the card with 
the point of a penknife j insert a slip of tinfoil from the 
back of each hole so that it^omes through to the front, 
and paste the remainder of tHe slip along the back of 
the picture to the extreme edge, one slip going to the 
right and the other to the left ; turn the ends of the 
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foil down a little on the front, and cut them off; place 
small dots of foil at distances along where the flash is 
intended to appear; the foil must now be coloured 
oyer the same tint as the picture, so that it is not ob- 
served. If one end of the foil be connected with the 
outer coating of the jar by the ground chain, the 
other foil with th^ knob, and a charge passed, the flash 
of lightning will appear^n the picture. 

Experiment 91. — The last experiment may be per- 
formed with less trouble if a large Ley den jar or small 
battery be used. The tinfoil may then be pasted as 
before on the back of the picture, which must be on 
paper only, and the flash be formed by making a streak 
from point to point of the foil with thick gum- water, 
and sprinkling this over with brass filings ; a piece of 
paper may be pasted over the whole to protect it. The 
electric light will appear quite bright through the thick- 
ness of the paper picture as though it were on the 
surface. 

Experiment 92. — The electrical battle. For this 
experiment a picture representing a battle scene is 
taken. One cut from an old Illustrated London News 
answers very nicely. A strip of tin-foil is pasted along 
the edge of one side at the back. The picture is then 
placed against a window so that the position of all the 
figures upon it may be seen from the back, where the 
tinfoil is to be pasted in the following manner : a very 
narrow slip of foil is led from one of the guns held 
by a soldier to the foil on the edge, a little break 
is made at the end of the gun, and the narrow foil is 
led on to another gun, and so on until a sufficient 
number of soldiers to fire at once is obtained ; the strip 
of foil is then led off to the opposite edge of the paper 
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to that on which the slip was first placed^ and the end 
turned over a short distance on the face of the pic- 
ture. Another slip is led off from the first slip up 
the edge to another group of soldiers and^ after a break 
is made at the ends of the guns^ this is also led as before 
to the opposite edge of the paper^ and the same way for 
another or more groups as may be^thought effective^ 
the slip being in each instance carried cff to a separate 
place on the edge of the picture^ and not crossing each 
other in any part^ nor being so close that the electric 
spark will pass at any place except at the ends of the 
guns. When the whole is arranged^ the picture may be 
mounted on cardboard. To show the experiment^ the 
slip of tin-foil along the first edge has to be connected 
with a long ground chain from the Leyden jar^ the 
charged jar is brought alternately to the separate ends 
of foil^ by the director^ and each time a spark passes 
a group will appear to fire. The jar is better held in 
the hand with one end of the ground chain ; and the 
machine connected and worked by an assistant^ so that 
the jar is quickly charged sufficiently for a spark. 

Experiment 93. — Sea fight. For this proceed as in 
the last experiment^ except that before the foil is pasted 
on the back of the picture that represents the fight^ 
paste over the mouth of each gun first a piece of dark 
crimson glass about half an inch square^ and then 
place the ends of the foil upon this^ the light from the 
guns will appear red. Many other similar experi- 
ments may be performed with pictures^ as the sparks 
fr*om a steam engine or boat^ shooting-stars^ fire foun- 
tains^ illuminations^ the blacksmith^ and other light 
effects^ which may be easily effected with metal filings 
and slips and dots of foil and pieces of gelatine or glass 
placed behind suitable pictures. 
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EXFIKIHENTS BHOWIKO THE LUMlNOnS ETFECTB OP 
ElICTBICITT passing THBOUOH TAKIOnS OABES AND 

BARETiED AiB. Partial Tacuam experiments ThichliaTe 
of late been so veiy popular, have been conducted with 
dynamical electricity, upon wbicb we do not intend to 
touch, but there is no reason that statical electricity, of 
which we treat, should not be used with equal effect. 
Our No. 3 machine will illuminate a small rare-air 
tube (vacuum tube, as it is called] , as effectually as a 
small voltaic battery with intensity coil, that would cost 
three times the price. Our No. 1 machine will illumin- 




ate a tube as effectively as a powerful battery, and we 
have not the expense or danger of chemicals. Vacuum 
luminous experiments are very beautiful, and if elaborate 
are very expensive. It happens fortunately that we can 
have the most of them executed for us in a simple form, 
equally beautiful and illustrative on a small scale, at very 
moderate cost. We shall be obhged, however, for ex- 
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planation to describe the following instrument^ to ex- 
plain the electrical effects upon which vacuum tubes are 
constructed. 

The luminous globe. This instrument consists of 
a globe of glass^ having two opposite necks, each fitted 
with a brass cap and collar, into which a conductor 
terminating with a brass ball is fixed so that the two 
opposite balls rest each at the same distance in the globe. 
One conductor, exterior to the globe, terminates with 
a brass ball ; the other with a stop-cock with a fitting 
that will screw to an air-pump, to exhaust the air from 
the interior when required. 

Experiment 94. — Passage of Electricity through a 
partial vacuum. Screw the luminous globe to an air- 
pump, and exhaust the air as much as possible; turn off 
the stop-cock and remove the globe. If now electricity 
be passed by connecting the upper knob with the chain 
from the machine, and the lower one with the ground, 
it will fill the globe with a purple light, which will 
appear to flow from the upper ball as from a fountain. 

Experiment 95. — Attraction of the vacuum flame. If 
the finger or any other conductor be brought to the 
side of the globe, while performing the last experiment, 
the electric flame will be attracted from its course to- 
wards it through the glass globe. 

Electricity through various gases. For these ex- 
periments we fill the globe described with water or mer- 
cury, according to whether we wish the gas dry or moist, 
and force the gas to be experimented upon through the 
stop-cock while it is under the water or mercury, until 
the liquid is expelled. If the gas is only wanted in a 
rarefied state, it is quite sufficient to exhaust the globe> 
and screw it upon the bottle containing the gas to be 
examined. 
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Experiment 96. — Electricity through hydrogen. The 
condacting knobs in the globe should be adjustable for 
this experiment, and be brought within a short distance 
of each other, so that a spark will pass, equal to the 
power of the jar or battery at hand. The globe being 
filled with hydrogen gas, a charge passed from the 
battery will be of a fine crimson colour. 

Experiment 97. — Electricity through rarefied hydro- 
gen. Take the globe from the last experiment, and 
draw the conducting knobs nearly as far asunder as 
the globe will admit of, exhaust the gas as far as 
possible with the air-pump, so as to form what is 
termed a hydrogen vacuum. If a charge be now 
passed, the globe will be illuminated with white light, 
but the effect is much better if one conductor of the 
globe be attached to the chain of the machine, and the 
other be held in the hand or otherwise conducted to 
the earth while the machine is worked, so that a cur- 
rent may pass through the rarefied gas. 

Experiment 98. — Electric charge through nitrogen. 
Proceed as in experiment 96, but have the globe filled 
with nitrogen ; the spark will be an intense blue, and 
very brilliant. 

Experiment 99. — Electricity through rarefied nitro- 
gen. Rarefy the nitrogen by the air-pump as in experi- 
ment 97. The current of electricity will now be a rose 
colour with a slight tint of orange. 

Experiment 100. — Electric charge through carbonic 
acid gas. Proceed as in experiment 96 ; the spark will 
be pale green. If the tube be exhausted as in the other 
experiments, the Hght will still be pale green. This gas 
does not change by rarefaction, only to become paler. 

Experiment 101. — Electric charge through coal gas. 
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This being a mixed gas^ the colour of the spark varies 
according to the quality, for which there is no doubt 
that the electric charge would form a good and simple 
test : for the colour varies in almost every instance, 
with one gas it is red, with another green ; sometimes 
it is bright and dense, sometimes dull and expanded. 

Other gases generally produce white sparks ; the ex- 
hausted flame is also white or with slight tint of colour. 
It is upon the principle of the variation of colour in 
nearly exhausted gases, that the very popular vacuum 
tubes, as they are termed, are constructed. These 
tubes are made of various fanciful forms by the glass 
blower, enclosing a partial vacuum of air or gas, as 
taste or design may direct. It is not by the gases and 
forms alone that endless variety may be obtained ; he 
also calls in the aid of mineral colours in the glass, which 
act by a principle assumed to be fluorescence, by which 
many minerals that give very little tint to the glass, 
acquire great brilliancy when the electrical vacuum 
light is seen through them. The substance most par- 
ticularly efiective for colouring the glass is the oxide of 
uranium j this makes the glass a pale greenish yellow, 
but the electric light appears through it of a brilliant 
emerald green. 




Experiment 102. — Vacuum tube. Attach the tube 
illustrated above, by one of the fine platinum loops 
at the end, to the chain of the machine ; hold the other 
end against the finger. If the machine be now 
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worked, the tube vill appear InminouB in the dark ; 
the coloar of the light wiU be in accordance with the 
rarefied gas that the tnbe coDtains. 




Experiment 103. — The fountain tube, aomettmeg called 
Gassiofs cascade. In this beautiful experiment there 
is an inner tube consbructed in the form of a vase; 
the electricity &om the point to which the chain is 
attached is conducted by a dixainishing glass tube to 
□early the bottom of the vase; the electricity on 
passing to the lower conductor appears to fill the vase, 
and flow like liquid fire over its edge. 

. Experiment 104. — Spiral and zigzag tubes. These 
are couBtructed of various derices. The platinum points 
are generally fixed in an air vacuum globe, and the 
intervening spiral is generally made of glass, stained 
with oxide of uranium. When the current is passed 
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from the clLain of the machine, the globe fills with 
purple light, and the spiral with intense emerald green. 




Experiment 105. — Bulb tubes. These tubes contain 
exhausted air of vacuum, they are made of many devices. 
The effect of the passing of the electric current is in- 
tense brightness in the fine stems shading off to purple 
in the bulbs. 

Experiment 106, — Compound tubes. These tubes are 
generally made so that the electricity shall pass in very 
fine glass tubes which are bent into fanciful devices, 
spirals, volutes, etc. The tubes generally contain ex- 
hausted carbonic acid gas, which gives a powerful light ; 
the whole design is placed in a large tube or bottle, 
which is sealed to the device by the glass blower. The 
outer tube may be filled with any liquid which will 
entirely surround the device* If the electricity be 
passed through the inner tube before the outer tube is 
filled, the device will appear in white light ; but if the 
outer tube be filled with a saturate solution of sulphate 
of quinine, which is quite colourlessj the light will 
appeajr an intense ethereal blue. 

Experiment 107. — Word tubes. These are con- 
structed similarly to the last, but the fine tube is 
blown to form words, as, ' Good night,' etc. 

Experiment 108. — The ball tube. This tube is pre- 
pared with a cap at each end, it should be long but of 
small diameter. Small dots of tin foil are fixed at 
about half an inch apart, and the tube is partially ex- 
hausted of air. When a sparlc is passed, it appears 
filled with luminous beads. 
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Sxperiment 109. — The terpentine tube. This tube is 
similar to the last, but small dots are fixed at alternate 
sides J the electricity appears to move along in ser- 
pentine form. The two last experiments are quite nev. 

Experiment 110. — The perfect vacuum tube. In this 
tube, the poiuts of the platinum nearly touch, but the 
resistance offered by the absolute vacuum is so great 
that the electricity will not pass at the points, but will 
rather pass over the entire exterior surface of the glass. 

Experiments which illustrate the theory. 
Electricity as the active agent in various atuo- 
sfberic fhenohena. 




Experiment 111. — The lightning Jar. This is a very 
illustrative experiment of what is presumed to take 
place iu the atmosphere to produce the effect of 
forked lightning, particles of metal being used as a 
conductor to carry off the electricity to the earth, in the 
same manner as the separate drop of water or vapour 
would in the atmosphere. The experiment consists of 
a Leyden jar, the outer coating of which is replaced by 
detached metal filings. The conductor from the inner 
coating is bent over, so that when the interior coating is 
charged, it discharges itself to the metal filings, which 
convey the electricity to the ground. As the electricity 
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passes from particle to particle of the metal in zigzag 
coiiTse,an exact imitation of forked lightning is produced. 




Experiment 112. — The sheet lightning jar. This ex- 
periment, as the last, is a Leyden jar, but there is no 
ch^n attached to the bottom of the conductor to cod- ' 
dnct the electricity to the inner coating, and a series 
of windows are cut out of the foil, so as to show the 
light effects inside the jar. The conductor of the jar 
being charged with electricity from the machine, and 
there being no connection with the inner coating except 
by the charged atmosphere in the jar ; the spark passes, 
when sufficient degree of tension is produced, id a sheet- 
flash, which illuminates the whole interior of the jar. 




Experiment 113. — The thunder eloudt, For this ex- 
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periment a Leyden jar is constructed with a second 
inner rod from near one edge of the cover^ the rod is 
carried up a considerable distance^ and bent outwards 
away from the jar; it terminates with a small ball 
covered with a large tuft of cotton to imitate a cloud. 
Another similar bent rod, with a tuft of wool also, is 
carried up from a stand, covered with tinfoil, on which 
the Leyden jar is placed. A silk cord is attached to 
each rod. If the Leyden jar be now fully charged, 
and the clouds be drawn nearly together, a flash with 
report will pass between the clouds, which will imitate 
sheet lightning. The experiment also imitates the 
phenomenon of the meeting of clouds charged with elec- 
tricity in another manner. It will be observed, as the 
cotton clouds are charged with electricity, that they 
extend the cotton fibres in all directions, upwards 
particularly, but when the flash passes, the cotton con- 
denses again to its usual bulk, as the vapour of the 
cloud when not expanded and sustained by the repul- 
sive power of electricity, acting upon its own particles 
and the earth, is suddenly condensed by the electric 
discharge into drops of water which afterwards faU to 
the earth in rain. 

Experiment 114. — Cloud and conductor. This illus- 
trates the value of lightning conductors. The experi- 
ment consists of a small house which has the repre- 
sentation of a lightning conductor attached to it, a sepa- 
rated insulated stand has a bar of conducting material 
balanced horizontally upon it ; at one end of the bar is 
a tuft of light cotton wool, this stand is connected with 
the inner coating of a large Leyden jar or battery. 
When the wool which is to represent a cloud is brought 
near the conductor fixed to the house, a flash and 
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report passes^ which is conveyed to the earth by the 
conductor. This experiment is sometimes varied by 
having the conductor detached inside the house^ and a 
small pan of gunpowder or other combustible placed 
in the detached part ; when the electricity strikes it^ 
the powder is exploded and the house is blown to pieces^ 
illustrating the danger of metal connected with the 
roof of a building containing combustible substances, 
without metal conductors to the earth. The house for 
this last experiment has to be constructed in pieces^ 
which a small charge of powder will blow down. 

Experiment 115. — The obelisk. This shows the effect 
of lightning, that is of electricity ^ acting upon conduct- 
ing and non-conducting erections. The obelisk is con- 
structed of a long conical form, and rests on a cubical 
base j a line of metal conductor is inserted down one side 
of the obelisk, and a similar line in the base meets it, 
and is connected with the first on its under surface 
to convey the electricity to the earth. Between the 
obelisk and base is a small hollow, which forms an air 
chamber; this is also connected with the conductor. 
When the conductor on the obelisk meets that on the 
base, and a charge of the battery is passed, the electricity 
passes down the conductors, and no effect is observed ; 
but if the obelisk is turned to another angle upon the 
base, so that the conductors do not meet, and the 
electricity to pass to the earth has to cross the non- 
conducting air chamber to reach the lower conductor, 
the effect is, that the air in the chamber is expanded 
with such force that the obelisk is thrown down. This 
experiment is very instructive of the manner in which 
buildings are injured by lightning. 

Experiment 116. — The fire house. For this we re- 

F 
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quire a model house made of metal and painted vitK 
mineral colours that will not be effected by heat; a 
conductor is led irom the chimney of the house to the 
interior, and meets another conductor within about 
a quarter of an inch. The roof of the house lifts off 
with the upper conductor. To show the experiment, a 
tuft of cotton saturated with ether is placed on the 
lower conductor when the roof is put on, and a charge 
of the jar passed, the house bursts into Barnes which 
issue from the windows and chimney. This experiment 
should be stood on a sheet of tin. 




Experiment 117. — The electrical flask. This is con- 
structed of a Florence flask with brass cap and valve, 
so that it can be partially exhausted of air, so as to 
represent the rarefied air of great altitudes ; a ball con- 
ductor is screwed on the top of the cap, and a point 
projects from the cap some distance into the flask. The 
air being partially exhausted, charges of electricity in 
passing will scintillate from the point in brilliant 
flashes, imitating the aurora borealis. 

Experiment 118. — Aurora borealis. This experiment 
consists of a glaaa tube bent in the form of an arc, and 
capped at each end with metal j one end has a valve to 
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exhaust the air. A piece of cotton or thread is stretched 
inside the tube, and connected with both caps. The 
current ofelectricityia passed direct from the machine if 
it is powerful enough; if not, charges from the jar may 
be used. The electrical light appears to radiate from the 
thread, which may be supposed to represent the denser 
atjuosphere near the earth. 

Experiment 119. — Nobili's aurora borealis. Take a 
wire insulated by being bound with silk, form it into a 
close flat spiral of twenty revolutions with the different 
coils in contact. When a charge from a powerful 
battery (No. 1) is passed through it, a vivid light will 
dart from the centre of the spiral. M. Nobili con- 
siders this electro -mE^netic light similar to the aurora 
borealis. 




Experiment 120. — The meteor tube. This is a long 
glasq tube, exhausted of air, with a cap condnotor at 
each end; the charge of a battery passed through it 
produces a spark of light very like an atmospheric 
meteor. 

F 3 
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Experiment 121. — The comet. Take a sheet of black 
card ; attach it to a piece of wood so that it will stand 
on its edge ; perforate a hole with a pin, and bend the 
point of the pin to an angle of 90° j a black pin is best 
as it is not seen on the black card ; fix the pin to the 
card so that the turned point is a short distance from 
the face; this may be done by tying several threads to 
the pin on the back side, and securing the threads to 
the card with sealing-wax. Tie the chains from the 
machine to the head of the pin; if the machine be now 
worked in the dark, a brush of light of comet-like form 
will be produced. With a small machine it is better to 
paste a slip of tinfoil behind the card, from one edge to 
within about half an inch or less of the point of the pin, 
and to connect the slip with the earth, to carry off the 
electricity. 

Experiments which show the Chemical Effects 
OF Electricity. — This part of our subject possesses few 
items for popular amusement, which has been particu- 
larly our aim in the experiments already introduced. 
Generally speaking, chemical effects are much more 
strikingly produced by dynamic electricity, that is that 
of the voltaic battery. They are, however, of the same 
class with either kind of electricity, and consist of de- 
compositions and compositions, the only difference 
being that voltaic electricity has the greater chemical 
power. 

Experiment 122. — To decompose water. Take two 
pieces of fine wire insulated with gutta percha, and cut 
them off square with scissors ; bind them together so 
that the points shall be exposed at about an inch 
asunder; place the whole in a glass tube filled with 
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water, so that both points are under the water one be- 
low the other. Connect one wire with the outer coating 
of the charged Ley den jar, and bring the chain from 
the other by the insulated rod to the knob of the jar, 
80 that a spark passes. If the points under water be 
observed, a globe of oxygen and hydrogen will be thrown 
off the point at each discharge. Two very fine insu- 
lated points of gold or platinum as conductors under 
the water answer best for this experiment. 

Experiment 123. — Recomposition of water. For this 
we require a very strong glass globe, with conductors 
at opposite sides. If the globe be filled with two volumes 
of hydrogen and one of oxygen, and the charge of a 
Leyden jar passed, the gases will explode with a violent 
report, and the globe will be covered with moisture, the 
result of the combined gases. 

Experiment 124. — The electric pistol is constructed 
to look like a pistol, the barrel being of ivory, and the 
handle a metal reservoir. Two opposite points of metal 
are inserted in the base of the barrel, each with a hook 
to connect the chains from the Leyden jar. The pistol 
is filled with the mixed gases oxygen and hydrogen, 
and is corked tightly. The charge of the Leyden 
jar may now be passed, and the cork will be projected 
with violence. This experiment may also be performed 
with coal gas^ the explosion of course being less. 

Experiment 125. — Separation of iodine from its salt. 
Steep a small lozenge-shaped piece of blotting paper in 
a saturated solution of iodide of potassium, and place 
it upon a piece of glass. Pass several charges of the 
Leyden jar through it, and brown spots will appear on 
the paper, showing the separation of the iodine. 

Experiment 126. — To decompose an oxide. Place a 
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small glass tube half filled horizontally with the oxide 
of tin on the table of the universal discharger^ between 
the two points, at about an inch apart. Pass the charge 
several times from a powerful battery (No. 1) . The tin 
will be partially revived and deposited on the glass. 

Experiment 127. — To decompose a sulphuret, Tate 
the sulphuret of mercury (common vermilion) and place 
it in a tube, as in the last experiment. Pass the charge of 
a small battery or large Leyden jar several times, and 
the mercurv will be revived. 

Experiment 128. — To form nitric acid from the air by 
electricity. Take a soda-water bottle, and fit a discharger 
into the cork, similar to that given in experiment 32, 
but with the points as far apart as the charge will pass. 
Place in the bottle a small quantity of solution of 
litmus; cork the bottle tightly, and pass repeated 
charges from the battery, rinsing the sides of the 
bottle after each charge with the litmus solution, which 
will become red, showing the formation of an acid from 
the contained air. 

Magnetic Effects of Electricity. — ^The magnetic 
efiects produced by the machine are much less powerful 
and eflFective than those of voltaic electricity; thus, 
whereas a piece of soft iron by voltaic electricity may 
be rendered a powerful magnet, it will- scarcely be 
alBPected at all by the electricity of the machine. 

Experiment 129. — To magnetize a needle. Place a 
needle across a wire through which a charge of elec- 
tricity is passed from a battery or Leyden jar. After a 
few charges the needle will become magnetic and pick up 
another smaller needle. In this experiment it does not 
matter whether the needle touches the conducting wire 
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or not, it will be magnetized if it is placed a quarter of 
an inch from it. 

Experiment 130. — To make a permanent magnet. 
Make a paper case something like a squib case, only 
that it may be made with less paper. Wind the case 
entirely over with fine insulated wire, if in two thick- 
nesses so much the better. Place loosely in the case a 
piece of hardened steel wire ; pass several charges of the 
Leyden jar through the insulated wire, and the steel 
will become permanently magnetized in a low degree. 

Experiments por the Measurement op Electricity, 




"Smi 



Experiment 131. — Henley's electrometer. We have 
seen in our experiments that light bodies tend to 
fly from other bodies similarly electrified. Henley^s 
electrometer, or as it is more generally called, the quad- 
rant electrometer, is formed upon this principle. It 
consists of a quadrant marked with degrees, placed ver- 
tically on a stand. From the centre of the quadrant, 
on a free axis, a light arm is projected with a pith ball 
at its extremity. When this instrument is in con- 
nection with any body charged with electricity, the 
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pith ball rises, and indicates on the scale the quantity of 
force or tension of the electrified surface. 




Experiment 132. — BenneWs, or the gold leaf electro- 
meter. This most delicate instrument indicates the 
smallest conceivable amount of free electricity. It con- 
sists of a glass jar, through the top of which a glass 
tube is fixed, which insulates a metal rod, termi- 
nating with a ball at the upper end, and two gold 
leaves placed a short distance apart at the lower end. 
The under surface of the jar is connected with the earth 
and two slips of tinfoil which proceed some distance on 
opposite sides up the inside of the jar, in a line with the 
opening of the leaves of gold when they diverge. The 
action of this electroscope is most delicate. If a piece of 
sealing wax or glass, after being rubbed, be brought near 
the knob at the top, the leaves will instantly diverge. 

Experiment 133. — Colomb's torsion balance. We 
have mentioned that Dr. Gilbert, the first modern elec- 
trician, measured the attractive force of electrically 
excited substances by a balanced needle. Colomb, to 
whom we owe the most profound system of modern 
measurement of electricity and its distribution on 
bodies, used also a balanced needle of refined manu- 
facture, to which he gave the name of the torsion 
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balance ; it has been constructed in various ways, but 
uniformly consists of a fine needle of glass or shellac, 
suspended from its centre by a single web of silk or a 
very fine wire ; at one end of the needle is fixed a small 
disc of sheet aluminium. An arc divided into degrees 
surrounds the needle, and at the zero of the circle a 
small gilt pith ball is fixed, which has a conductor 
leading outside' the apparatus. At the top of the web 
is another divided circle which moves with the needle, 
so that the disc on the needle can be placed at any 
angle with the lower circle. To measure the electric 
tension of any object, it is brought in connection with 
the conductor to the gilt ball, when the needle is at 
rest with the balanced disc just touching it, the gilt 
ball becoming similarly electrified, repels the disc 
equal to the tension of the electricity which is measured 
on the divided circle. 

Experiment 134. — To measure the electricity upon a 
fixed body with the torsion balance. For this we require 
the proof plane y which is simply a small disc of metal 
foil fixed upon the end of a small stick of shellac or 
glass. This being applied to any body charged with 
electricity, a small portion may be taken from it 
nearly equal to that on the same amount of surface of 
the body, and carried by the proof plane to the con- 
ductor of the torsion balance, whereby the electric 
tension of the body from which it is taken may be 
measured. 

Experiment 135. — Simple electrometer. Suspend two 
small equal pith balls by fine silk thread so that they 
just touch, and hang them from a piece of wire, bent to 
required form to attach it to the object, the electrical 
tension of which is wished to be ascertained; if the 
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object is metal, the pith ball at each end of a piece 
of fine silk may be merely tied to it. As the balls 
become charged, they will be repelled from each 
other, and the separation may be measured by a paper 
scale placed at a distance behind them. 




Experiment 136. — The rapidity with which electricity 
travels. Wheatstone discovered that electricity through 
a good conductor travelled at the rate of 388,000 miles 
in a second of time. It will be apart from our limited ' 
subject to describe the scientific instrument with which 
the research was made, but the principle of it forms a 
very simple instructive experiment. Prepare a circular 
disc of card about twelve inches diameter, and paste 
upon it various figures of any amusing description, as 
racing horses, carriages, boats, or anything of the kind ; 
place the disc upon an axis fixed on a frame, so that it 
will revolve freely. Construct a very small -pulley on 
the axis, and fix in the frame below a large pulley with 
axis and crank handle; connect the two pulleys by a 
band.- Let the handle be turned, and the disc will move 
with great rapidity, so that the figures upon it will 
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appear as tinted lines ; now extinguish the light, and 
while it is revolving rapidly, if a spark be discharged 
from the Leyden jar, the disc will appear to stand quite 
still, and the figures will be distinctly seen. The man- 
ner in which this experiment shows the rapidity with 
which electricity travels, and the short duration of the 
spark, ts that the light does not last sufficient time for 
the disc to move an appreciable quantity. The same 
experiment is performed with the disc revolving very 
rapidly by clockwork; it nevertheless, during the 
passing of the spark, appears to stand quite still. 




Separation of given quantities of Electricity. — 
Many experiments require small charges of electricity 
constantly; other experiments large consecutive charges 
of equal tension, to render them eflPective. There are 
several means of obtaining these results. A Leyden 
jar may be continually filling by the machine, but if a 
ball with connection through an experiment or other- 
wise, connected with the outer coating of the jar, be 
fixed at a given distance from the knob of the jar, the 
spark will pass and discharge the jar as soon as it is 
of sufficient tension to cross the air space between the 
knobs ; thus, if the knobs be nearly close, small charges 
will pass frequently, if further, larger charges will pass 
less frequently; in all instances the charges will be 
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equal. In this manner we may take small charges 
from a large battery, but the charge will be greater at 
the same distance in consequence of larger surface. 
For single large charges from the battery we may watch 
the rising of Henley^s electrometer, and discharge when 
the pith ball rises to the degree that we consider suffi- 
cient. 

The balance discharger. This discharge consists of 
a metal arm fixed to the stem of the jar. The arm is 
turned up to form a standard which carries the balance. 
The balance is a beam of metal centred like a scale 
beam, with a fixed ball at one end and a movable ball 
at the other. Above the standard a second arm is 
fixed, having a glass stem with a metal ball at the 
extreme end, the ball is connected with the outer coating 
of the jar or battery either through the experiment or 
otherwise. When the instrument is fixed, the ball of the 
jar, one ball of the balance, and the upper ball, are in a 
vertical line. The action of the balance is as follows : — 
the movable knob on the balance is adjusted, so that the 
knob over the jar shall rest upon its knob with a given 
pressure according to the charge required ; or the upper 
arm may be made movable upon the standard, so that 
the charge may be adjusted by distance. When the jar 
is charged, the ball on the balance being also charged, 
is repelled until the tension is sufficient for it to pass 
the charge of the jar or battery, to the upper ball in 
connection with the outer coating, which it does 
through the beam and arm. Immediately after the 
charge is passed it falls again to the knob. This form 
of discharger is one of the best, as it always enables 
the charge to be observed as it accumulates. It can 
also be placed to large batteries as a kind of safety- 
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valve, to prevent overcliarge at any time, and con- 
sequently breaking of the jar. There are two other 
quantity dischargers in use : Harris's unit jar and 
Law's electrometer ; the particular merits of which our 
limited space will not allow us to enter upon. 

TffB TWO Electricities. — We stated in the early 
pages that there were two kinds of electricity, which 
was shown by an experiment with a stick of wax and a 
stick of glass. It was not necessary to go further into 
the subject at the time, as it would only tend to hang 
a complication over our simple experiments ; we return 
to the subject only to give a few experiments and make 
a few remarks. It was discovered by Franklin that 
one electricity could not be produced without the other, 
and that one machine would give off no electricity unless 
it was in connection with the earth, from which it 
could receive it, although the earth represents the nega- 
tive electricity and our machine gives the positive; 
thus no electricity could be obtained from a machine 
made entirely of glass, as no part would conduct the 
electricity ; therefcft'e Franklin thought that there could 
be but one electricity, and that any body charged 
with it would be positively electrified, but if the elec- 
tricity was taken from it it would be negatively electri- 
fied. Thus we have two words, positive and negative 
electricity; the positive being the vitreous and the 
negative the resinous; in nearly all experiments the 
positive and the negative act alike. We have given one 
experiment to distinguish one from the other, and will 
offer two others; the first is that generally made use of 
in practice. 

Experiment 137. — To distinguishthe Mnd of electricity 
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by the gold-leaf electroscope. This instrument is a 
most delicate test^ for the kind as well as the presence 
of electricity We rub a stick of sealing-wax and 
bring it gradually at a distance above the ball of 
the electroscope ; as we approach the ball, the gold 
leaves will diverge, which is caused by the sealing-wax 
attracting the positive electricity to the ball and repel- • 
ling the negative electricity to the gold leaves, which 
causes them to diverge. If we now touch the knob 
with the finger, the negative electricity will be decom- 
posed, and the leaves will collapse; if we now remove 
the sealing-wax, the electricity contained in the ball will 
spread over the leaves and cause them again to diverge 
slightly, and the electrometer will be charged with 
positive electricity. If we now bring any body charged 
with positive electricity, as an excited glass rod, near the 
knob, the leaves will diverge more, indicating positive 
electricity ; but if we bring the piece of silk with which 
the rod was rubbed, the leaves will collapse, indicating 
negative electricity. A very slight friction will cause 
any object, if it is insulated from the earth, to be 
slightly charged with one kind of electricity sufficiently 
for the gold-leaf electroscope to indicate which. 

Experiment 138. — lAchtenberg's figures. This expe- 
riment illustrates the opposite electrical condition of 
the two coatings of the Leyden jar. Fix two glass rods 
firmly to the stem of a Leyden jar, and charge it with 
electricity from the machine. Hold the charged jar by 
the outer coating in the hand, and draw with pressure 
parallel lines at about equal distance apart, on a piece 
of vulcanite with the knob of the jar. Now take the 
jar by the glass rods, and draw with the outer coating 
parallel lines across the first lines at right-angles. 
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The jar may be recharged if much time is lost. Make 
an intimate mixture of finely ground flour of sulphur 
and red-lead, and scatter it upon the vulcanite. If the 
vulcanite is jarred to spread the powders, the sulphur 
will become attached to the positive lines, over which 
the knob of the jar has passed, and the red-lead will 
attach itself to the negative lines where the coating of 
the jar has passed. The Bulphur will arrange itself in 
knots with diverging lines, and the red-lead will form 
circular spots. The experiment will show where the 
different electricities are distributed on the surface of 
the vulcanite. 

Distribution of Electricity on the surface of 
conducting bodies. 

Experiment 139. — Equal distribution of electricity 
on the surface. If we take two metal globes, insulate 
them by suspending them by a silk cord, and charge 
one with electricity, it will attract the other from a 
certain distance. If it is allowed to touch, the 
electricity will be spread equally over the two, and 
they will repel each other a certain distance. If we 
now touch one to discharge the electricity, it will be 
attracted to the other half of the first distance ; and if 
it touch, it will be repelled half of the first distance. 
This experiment shows that electricity spreads itself 
equally over any conducting body. If one of the 
globes be solid, and the other hollow of thm metal, 
the attraction and repulsion will be equal in each, 
which shows that electricity exists on the surface of 
bodies only. 

Experiment 140. — Electricity cannot be detected in 
the interior of bodies. Take a thin metal globe, having 
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a hole about an inch in diameter on the top, and in- 
sulate it by fixing it upon a glass rod, or laying it upon 




the bottom of a glass tumbler. After it is charged 
with electricity from the machine, if we take the proof- 
plane described at page 73, and apply it through the 
hole to any part of the interior of the globe, we shall 
not be able to move the leaves of the gold leaf electro- 
scope the slightest by bringing the proof plane near 
the conductors, but if we touch -ihe outside of the 
globe with the proof plane, it will, when brought 
near, cause the leaves to diverge considerably. This 
experiment proves that no electricity can exist upon 
the inner surface of conducting bodies. 

Experiment 141. — Electricity leaves one exterior for 
a farther exterior. If we take the same globe and cover 
it with a pair of hollow metal cups, mounted on glass 
handles, and suddenly and quickly draw the cups 
asunder, we shall find that we have taken all the 
electricity from the globe, and that the cups now 
contain it. This experiment shows that a body 
charged with electricity cannot remain charged in- 
side another conducting body. 

Experiment 143. — Another method of showing distri- 
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bution of electricity on the surface of bodies. Take a 
glass tube two feet long^ and roll round it, the narrow 
way, a sheet of tinfoil two feet long and about nine 
inches wide, near one end of .the tube. Hold the tube 




by the' end farthest from the foil, and charge the foil 
by the machine. Having the pith ball electroscope 
suspended by a piece of dry silk, if we now place it 
on the tinfoil, it will diverge considerably, showing 
high tension. But if we unroll the tinfoil so as to 
increase the exposed surface, and again apply the 
electroscope, we shall find the tension decreased in 
proportion as it is unrollec' . If we again roll the foil up, 
we shall find the tension again increase as it formerly 
decreased. The quantity of electricity remaining the 
same, its tension will show less as the surface is 
greater. The experiment illustrates that the elec- 
tricity rests on the surface and the surface only; 
otherwise, with the rolling up of the foil, some of the 
electrity would disappear, whereas the inner roll of 
foil contains no electricity, as the whole is always 
manifested on the outer surface. 

Experiment 143. — Faraday's experiment to show that 
electricity is manifest on the outside of bodies only. 
Fit a metal ring on an insulated support, and attach to 
the ring a gauze bag, such as is used to catch butter- 
flys; s^w a silk thread to the bottom of the bag, and 

G 
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have a long end inside and outside. If the bag be 
drawn out one way and charged with electricity, it 
may be coUected by the proof plane from the outside 
but not from the inside. If the bag be now drawn 
inside-out by the silk thread, the electricity will still 
be on the outside, that is, on the surface that was inside 
before, which showed no electricity. 

Action of electrified bodies on bodies in a 

natural state. induced electricity. ^wc havc 

shown in many of our experiments that electrified 
bodies attract bodies in a natural state. This is ap- 
parently but not really the case. What really happens 
is, that positively electrified bodies attract negatively 
electrified bodies, and vice versa. This is explained by 
another law in electricity that we have only mentioned, 
that of induction, or the power of an electrified body to 
induce or produce electricity in a non-electrified body. 
The electricity so induced being of the opposite kind 
to that in the electrified body in that part which is 
exposed to its influence. 





Experiment 144. — To show induced electricity. Elec- 
trify an insulated metal globe with the machine, and 
place at a short distance from it a cylinder of metal, 
with rounded ends; suspend a pith baU from each 
end of the cylinder. It wiU be seen that the cylinder 
has become in an electrical state, although no elect- 
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tricity has passed from the globe, yet the pith balls 
rise at each end, and diverge away from the centre 
of the cylinder. Eub a stick of sealing-wax with 
cotton cloth, and bring it near the pith ball next the 
globe ; the ball will be repelled by it, indicating that 
it is charged with the same electricity as the sealing- 
wax, that is, negative ; but if the excited sealing-wax be 
brought to the pith ball farthest from the electrified 
globe, it will be attracted; thus indicating that on6 
end of the cylinder manifests negative electricity, and 
the other positive ; and that the negative elec- 
tricity is at the end of the cylinder nearest the posi- 
tively electrified globe, and that this electrified state 
is entirely induced by the cylinder being placed near 
the electrified globe ; for if we remove the globe, no 
electricity will be manifest in the cylinder. If we 
had placed another cylinder near the end of the first, 
while \mder the influence of the globe, that would also 
have had electricity similarly induced. TJie positive 
and negative electricity, although equal on the cylin- 
der, are not equally distributed. At near the centre 
of the cylinder if we place a pith ball, no electricity 
will be discovered. The attraction which accumulates 
the negative electricity at the end of the cylinder 
nearest the excited globe is greater on account of its 
nearness than the repulsion which drives the positive 
electricity to the distant end, so that the neutral point 
is between the centre of the cylinder and its negative 
end ; thus the negative electricity is in a higher state 
of tension, and if the experiment remain for a long 
time, the negative electricity will therefore disappear 
first, and leave the cylinder weakly charged with posi* 
tive electricity. But if we touch the end of the cylindec 

o 2 
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farthest from the excited globe nith our finger^ and 
thereby take off the positive electricity up to the 
natural point, we shall find upon afterwards removing 
the excited globe, that the cylinder is charged with 
negative electricity, that is, the opposite electricity to 
that of the excited globe. 

Induced Electricity applied to condensers. We 
have been shown that the opposite electricity to that 
of the electrified conductor is induced in the nearest 
portion of another conductor through the medium of 
a non-conductor, which in our last illustration was 
the air between the two. "We will give some experi- 
ments in which glass is the non-conducting medium, 
that will simply explain the theory of the Leyden jar 
and other condensers. 

Experiment 145. — A simple condenser of electricity. 
Procure a pane of glass, two sheets of tin, and a book; 
lay the book on the table, then one sheet of tin, then 
the square of glass should project an inch or inch and a 
half on each side^over the tin, then place the other sheet 
of tm. If the chain fi^m the machine be laid on the 
upper sheet of tin without touching the glass, it may be 
caused to receive a powerful charge, which may be 
discharged either by uniting the sheets of tin by the 
discharging rod^ or by connecting them by conductors 
through any experiment. This experiment will be seen 
to be similar to our magic picture ,* it is also similar to 
the Leyden jar, as we have only to imagine the whole 
rolled into a cylinder to form one ; but what we wish to 
show is that it is similar to our first induction experi- 
ment in the last page, with the electrified globe and 
cylinder. In the globe and cylinder we have an electri- 
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fied body whicli is a conductor ; a non-conductor, the 
air; and then another conductor in which the electricity 
is induced through the air. In our condenser we have an 
electrified conductor, the upper sheet of tin ; a non-con- 
ductor, the fflass ; and then another conductor of elec- 
tricity in which the electricity is induced. If we place 
this lower sheet of tin on a sheet of glass, instead of 
on the book, we shall find that one surface will be 
charged with negative electricity next the- glass, and 
the other with positive electricity away from it, as our 
insulated cylinder was in relation to the electrified 
globe ; and therefore if we united the plates we should 
have no shock, as half the positive electricity on the 
upper plate would only spread on to the lower one ; but 
as it stood upon the book, a conductor of electricity, it 
was like the cylinder when touched by the finger; the 
positive electricity was carried oflP to the earth, and the 
negative induced electricity remained facing the positive 
electricity, which induced it through the non-conduct- 
ing glass, the union of which afterwards produces the 
shock or charge. 

The instantaneous discharge and the slow dis- 
CHARGE OF CONDENSED Electricitt. In experiments 
with the discharger when the two coatings of the Leyden 
jar or other condenser are united by metal, it is called 
the instantaneous discharge. A Leyden jar may also 
be discharged slowly by a conductor carrying away the 
electricity in quantities equal to the surface of the 
body in relation to that of the jar. This is called the 
slow discharge. 

Experiment 146. — Suspend a metal ball by a silk cord, 
80 that it will be attracted by the knob of the charged 
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Leyden jar ; place another knob at equal distance from 
the centre of gravity of the suspended ball, and let this 
one be connected by a conductor to the outer coating 
of the jar, either direct or through an experiment. The 
suspended ball will continue* vibrating between the 
knobs until the force of electricity is exhausted. 

Experiment 147. — The bell jar. Instead of a knob 
as in the last experiment, place a bell on the jar, and 
another on the rod connected with the outer coating ; 
the electricity will cause the ball to strike the bell more 
and more softly until the sound vanishes. 




Experiment 148. — The butterfly. Place the charged 
jar and conductor to outer coating as in the bell experi- 
ment, but in place of the metal ball suspend a butterfly^ 
cut out of pith, with painted paper wings ; it will con- 
tinue for a long time flying &om ball to ball with 
gyratory motion and constant vibration of the wings, 
extremely life-like. 

Electricity only retained by NON-coNDucTiNa 
BODIES. By non-conducting bodies, we mean bodies 
that conduct electricity very little : there is no abso«» 
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lutely non-conducting body, but electricity is conveyed 
through metals with immense rapidity, but through 
glass and resins very slowly, and other substances in 
various degrees; but bodies that receive or conduct 
electricity slowly also part with it slowly, particularly 
to any but good conductors. 

Experiment 149. — Charged surf ace of non-conductors. 
Take a dry tumbler or a large wine glass, and place the 
chain from the machine in the interior, and work the 
machine, and then remove the chain. Place several pith 
balls on the table, and put the glass over them, they will 
fly about in all directions, showing that the interior sur- 
face of the glass retains the electricity with which it was 
charged. 




Experiment 150. — The Ley den jar with moveable 
coatings. This experiment shows that it is the glass 
that retains the electricity, and not the metal coatings ; 
for this experiment a plain glass tumbler is taken, and 
sheet tin outer and inner coatings are made to fit loosely, 
so that either one can be easily removed; the inner 
coating requires a hook to enable it to be lifted out by a 
glass rod. If this jar be charged from the inside by 
the machine, and the coatings united by the discharger, 
the spark will pass, as with an ordinary Ley den jar; 
but if we charge the inner coating, and afterwards re- 
move it by a glass rod, and lift the glass out of the 
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outer coating with the hand, the two coatiags taken ■ 
from the glass will give no spark. If we take them in 
our hand, or let them touch, they vill become perfectly 
neutral. If we now place the jar in the outer coating, 
and return the inner coating to its place by the glass 
rod, by uniting the coatings with the discharger, a 
spark will pass just as if they had not been removed, 
showing that the electricity remains in the glass. 

Secondary charge. The glass although it parts with 
the greater part of its electricity to such excellent con- 
ductors ae metal coatings, it nevertheless will not part 
with its entire cbai^e ; hence what is termed the second- 
ary charge. It is very important to take notice of this 
in using large batteries or jars, as it often amounts to a 
severe shock when taken accidentally. If we discharge 
a Leyden jar, and immediately afterwards apply the 
discharger, it will appear that no more electricity re- 
mains on the surface, but if we let it stand a few minutes, 
the electrici^ in the glass will have reached the surface, 
and another spark will pass. In very large batteries, or 
if the glass be thick in the jars, there will be even a 
third charge manifested by a faint spark. 




General caution. In passing the electric fluid through 
the human body, it is never safe to pass more than that 
which is given off from a quarter of a superflcial foot of 
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coated glass. It is not safe to trust a large jar or 
battery in the hands of youth^ for this reason we have 
made our No. 1, 2, and 3 machines with a small Leyden 
jar^ so that no injury can be inflicted. Very many ex- 
periments may be performed without the battery, which 
is almost as dangerous as firearms in the hands of the 
young. 
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No. la consiBtB of a Patent Electric Disc of the best make, 
11 inch glass plate, polished mahogany frame, brass fit- 
tings ; Leyden Jar, brass mounted ; and the following 20 
Experiments — Universal Discharger, Electric Bells, Pith 
BaU Stand, Magic Pictmre, Head of Hair, two Lightning 
Jars, two Lmninons Yacuum Tnbes, Spiial Tube, Wind- 
mill, Sportsman and Birds, Electrometer, Water Fnzee, 
Sparkle Tnbe, Backet and Syphon, Electric Ring, Image 

Plate, and Swan 4 

This Machine will perform 100 of the Experiments. 

Large Battery adapted to the above No. la 2 

With the above Battery, No. la Disc will perform all the 

Experiments given in the book. 

No. 1 consists of a Patent Electric Disc, 11 inch plate and 
fittings complete, Leyden Jar, and the following 18 Ex- 
periments — UniversflJ Discharger, Electric Bell, Pith 
Ball Stand, two Lightning Jars, Lnminous Yacaum 
Tnbe, Spiral Tube, Sparkle Tube, Whirl, Sportsman and 
Birds, Swan, Luminous Necklace, Electrometer, Water 
Fuzee, Blowpipe, Magic Picture, and Head of Hair . 2 10 
This Machine will perform 80 of the Experiments. 

Battery adapted to the above No. 1 1 10 

With No. 1 Battery the above will, under favourable circum- 
stances, perform all Experiments in the book. 

No. 2, Patent Electric Disc, fitted with 9 inch plate, Leyden Jar 
and Discharger, with 9 Experiments — Lightning Jar, 
Sportsman and Birds, Pith-Ball Stand, Head of Hair, 
Electric Bell, Magic Picture, Luminous Yacuum Tube, 
Bwan, Water Fuzee 16 

This Machine wUl perform 70 Experiments in the book. 

Battery adapted to the above No. 2 10 

With No. 2 Battery the above will perform 120 Experiments. 

No. S, Patent Electric Disc, fitted with 7 inch plate and the 
6 following Experiments — Leyden Jar and Discharger, 
Pith Balls, Magic Picture, Electric Bell, Head of Hair . 12 6 

This Machine will perform over 50 Experiments in the book. 

All the above are packed in neat case», which are ttrong 
enough for conveyance to the country. 
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94 PRICES. 

PRICES OF SEPARATE APPARATUS AND EXPERIMENTS. 

11 inch Electric Disc, mahogany frame, brass mounts 
15 „ plate glass ditto, suitable for lectures 
^" »f »» »» »» 

^ »» »» »» »» 

86 „ to stand on the floor with clamps 

Leyden Jars. — Battery of Leyden Jars, No. 15 

»» »« 24 

Separate large Insulated prime Conductors, No. la, 5/- ; No. 

15, 12/6 ; No. 18, 20/- ; No. 24, 40/- ; No. 86 8 
Batteries of large surface of most economical construction to 

order. 

Discharger, double-jointed with glass handle . . . 8/- 5 

Director, brass mounted 2/- 8 6 

Insulating Stools 12/- 10 

Small Insulating Tables 2 6 

Uniyersal Dischargers . . No. 1, 10/- ; No. 2, 6/- ; No. 8 8 6 

Ex. 

23 Pair of Ivory and Boxwood Balls for Discharger , ' .010 

29 Vulcanite Disc for Discharger 6 

82 Glass Blow Pipe 6 

88, 34 Water Fuzee 6 

87 Twelve Discs of Microscopic Glass 6 

88 Electric Mortar . . . small size 2/-, large ditto 4 

42 Bucket, perforated 2 6 

43 Funnel and Syphon 16 

44 Vulcanite Square and Tannic Acid 9 

45 Inclined Plane . . . small size 2/-, large ditto 4 

46 Head of Hair small 1/-, large 2 6 

47, 49 Ball and Pin 6 

48 Electric Balloon .016 

51 Sportsman and Birds without stand 1/6, with stand 8/-, 6 

58 Electric Whirl . small size 1/-, large ditto 2 6 

54 „ Windmill ... „ 1/6 „ 050 

55 „ Fly Wheel 2 6 

56 „ Engine 7 6 

57 „ Orrery or Planetarium . . small 5/-, large 10 

58 Insulated Pith Ball , 6^., „ 1 

59 Electric Spider and Insulated Pin 2 

60 „ Pith Ball Stand . . small 1/-, larger 2/-, large 8 

61 „ Snowballing 5 

62 „ Ring 026 

63 „ Scullers 8 6 

64 „ Bell to fit on Leyden Jar . . . 1/- and 2 

65 „ Four Bells fitted to Leyden Jar . . . .050 

66 „ Chime 12 

67 „ MoUan Chime 16 

68 „ Image Plate with one figure . . 2/-, 8/-, 5 
Extra Figures to the above, according to work, 1/-, 2/- to 8 6 

69 Franklin's Electric Fly Wheel .... 6/-, large 090 



PRICES. 95 

Ex. £ t, d. 

70 Electric See-saw 2/6 and 5 

73 Diamond Jar from 3/6 to 1 1 

74 Electric Spiral Dot Tube . . 8 in. 2/6, 12 in. 4/6, 18 in. 10 
76 „ Star Plate . . . 4 in. 2/-, 6 in. 3/-, 9 in. 6 

76 „ Spectrum 12 in. 6 

78 „ Word Plates according to size and words from 6/- to 1 1 .0 

80 Tin-tacks .... per 100 2d., per 1000 010 

81 Sparkle Tube . . . . 7 in. 1/6, 12 in. 3/-, 18 in. 6 

82 Busty Iron Chain, per yard, 8d. Coloured Glass Tube, per ^ 

foot 1/- to 2 

83 Bead Chains 1/-, 2/- 3 6 

84 Egg Stand . . . 1 egg 2/6, 2 eggs 5/-, 3 eggs 7 6 

85 Chain of Wax Eggs 16 

89 Exhausted Phosphorescent Tube 5 

90, 91, 92, 93 Lightning Effects, &c., on Pictures . 2/6 to 10 

94 to 101 Luminous Globe 15/- to 1 10 

Air Pump for exhausting . . . 8/6 to 16 

103 Gassiot's Cascade small 5/-, large 10 

104 Vacuum Tube 2 

104 106 Spiral, Zigzag, Bulb, &c., Tube . 3/6 to 7 

106 Compound Tubes 4/6 to 10 

107 Word Tube, according to device. 

108 Ball Tube 6/- to . 10 

109 Serpentine Tube 6/- to 18 

110 Perfect Vacuum Tube 15 

111 Lightning Jar . . . small 1/6, larger 2/6 to 4 6 

112 Sheet Lightning Jars . . „ 1/6 „ 2/6 to 4 6 

113 Insulating and Conducting Stand, separate . . .026 
Thunderclouds 16 

117 Electrical Flask 076v 

118 Aurora Borealis 9 

119 Nobili*s Aurora Borealis 7 

120 ,, Tube 6/- to 9 

120 Insulated Wire, Gutta Percha ... per foot 003 

124 Electric Pistol 4 

131 Henley's Electrometer 2/6 to 5 

132 Bennett's Gold Leaf Electrometer . . . 6/- to 1 

133 Colomb's Torsion Balance .... 10/- to 2 10 

134 Proof Plane . 1/- to 2 6 

136 Wheatstone's Electrometer illustration . . 7/6 to 1 1 

Harris's Unit Jar 5/- to 10 

Balance Discharger 6/- to 12 

138 Vulcanite Disc, 6x6, 2/-, Clamp for Jar stem . .020 

139 Pair of 2-inch Brass Globes 5 

140 Hollow Globe, Insulated 4 6 

141 Globe and Cups 12 

142 Glass Bod and Boll of Foil 5 

143 Faraday's Experiment on stand 5 

144 Four-inch Insulated Ball and 15-inch Cylinder on stands 15 

147 Bell Jar 3/6 to 5 

148 Butterfly and Bod only, to use with stand shown 113 .026 

All the above experiments made to order on a large scale for 

lectures^ dtc. 



96 PRICES. 



ARTICLES SUPPLIED FOR CONSTRUCTION OF 

EXPERIMENTS. 

£ s. d. 

Tin Foil . ... per foot superficial, thin 4J., stout 006 

Electrical Cement per stick, 6<l., 1/-, 2 

Electrical Yamish . . . per bottle, plain, red and black 10 

Insulated Gutta Percha covered Wire . . . per foot 3 

Insulated Wire, covered with Silk or Cotton . per yard, 2J., 4 

Plain Copper "Wire per yard, Id., 2 

Brass Chain . . . . . . . per foot, 2d., 4 

Amalgam . . . . . . . per box, 6d., 10 

Pith per stick 2 

Pith Balls, per doz. 9d., Figures . . . . 1/- to 4 

Pith Birds per brace, 1/-, 2 

Brass Balls i^ in. 6d., | in. 9d., 1 in. . 1 

Brass Rod . . . per foot, i in. 6d., -^^ in. 1/-, i in. 1 6 

Brass Tube . . . per foot, i inch 6d., | in. 1/-, 1 in. 1 6 

Glass Cane . . . per foot, ^ in. 3d., | in. 4d., j^ in. 8 

Glass Tubes . . . per foot, i in. 6d. | in. 9d. 1 in. 1 
Thick Glass Jars with turned caps for Leydeu Jars, 4^ in. 

1/3, e in. 2/-, 8 in. 3 6 

Electric Bells each, 2d., 6d., 10 

Sheet Gutta Percha per foot, 8d. to 2 6 

Every article for construction of Hzperiments, or any separate 
parts, supplied Wholesale and Betail. 



W. F. STANLEY, RAILWAY TERMINUS, LONDON BRIDGE. 

All goods packed tinth care^ but W. F. S. will not be responsible for 

accidental breakage in carriage. 

Country orders must be accompanied by a remittance or London 

reference, 

P. 0. Order payable at London ; cheques crossed^ " London <& West- 
minster Bank" 

Foreign orders for cash only. 



Butler & Tauner, Tb« Belwood Printing Works, Frome, and London. 
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|_ Second EOltion, J'^t Published, price Fire Sl.mi«8. 

STANLEY'? TREATISE 

pat|cmatical gratoing Instewnents. 

. <.'-je^e^*fiV=^^-*^ 

mms OF THE SCIEKTIFIC TRESS UPCffl THE FUST EDITIOH. 
» It i. « praetical and peli.bte Ite.ti.e b, the TOtliem»t.c«l 

iog mtruinent. in general u.e. . . • Tie mlomaua 
B^ren ieno mere j..t.-.nd-,ci.ser. ^opk.bnt fre.kly written 
Som peraonal knj.ledge, »n<l tberefore e.pecmaij YAlo»ble. 
-JJ«.i*r, April 12 J, 1866. 

«:( i, impoi.ible to reiu! wlmt Mr. Stanlej 1.!i« t-i »(• ™ 
the defects and advantages of particular insl v - 
perccivuig that he has expende.1 much thtiu'' 
of their construction, and no little ingeauii> 
to imnro»8 on eiisting ariangemenls. llic I- 
throiigliout."— S«J>«!«r. Ma? «b, ISaO. 

•■ A reaUy praetical work."— .B»ji«««""J. Mapeh aSrd, 1806. 
"Awotkotno mean importance, bearing on engmeerins 
education," etc.-.»&«»a~rf Jl&j«.«., April 2011^ 1800. 

"Mr SlaineT, .Vom hi. long practical ejporienee in the 
manufacture of mAtheinatic.l drawing m.troinenU, of aU 
kinda i. fairly entitled to be eo,».d.rc^ a...n autoorit, on 
the coftmeCon and use. of thu class of instrummt, U 
the neat little mlnme before us, illn.trate.1 by npward. of 
■m woodcut,, he ha. .ollecl«l together a fund ol ■nlor,«,.t.on 
which cannot fail to be of great assi.tance to ™S""»""j 
The treatise embraces the entire range ot mathematioal 
drawing instrument., from the simplest to the most comf li- 
ealod, Ld supplies full i.tcrat.tion a, to the method ol using 
tbem We conSdeutly recommend thia work, '!>» "T^. f 
which is clear and coniise lliroughout."— ?>»«<■»«' MtcUm > 
Imrml, May 1st, 1860. 



SIMPKIN, MAESHALL * CO., 

BTATIONERa* HAIiL OODUT, B.C. 



